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Huntsville Research & Enginesring Center for the Aero-Astrodynamics Lab-
oratory of Marshall Space Flight Center (MSFC), Contract NAS8-26801.

The study was performed at the -equest of Mr. C. Dale Andrews, S&E-AERC-
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The authors are grateful to Mr. Hal Gwin, S&E-AERO-AEG, who was
most helpful in his efforts to assure that the required hardware and equip-
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Northrcp Services, Inc., fcr his supervision of the tests and his critical
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authors.
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SUMMARY = : : -

Results zre presented for an experimental space shuttle stage separation )
plume impingement program conducted in the NASA -Marshall Space Flight Center's
Impulse Base Flow Facility (IBFF). Major objectives of the investigation were
to: \

1. Determine the degree of dual engine exhaust plume simulation
obtainea using the equivalent engine; :

2. Determine the applicability of the analytical techniques; and ° ’
(*btain data applicable for use in full -scale studies.

The IBFF tests determined the orbiter rocket mctor plume impingement loads, -
both pressure and heating, on a 3% General Dynamics B-15B booster coﬂié-
uration in a quiescent environment simulating a nominal staging altitude of
73.2 km (240,000 ft). The data included plume surveys of two 3% scale orbiter
nozzles, and a 4.242% scaled "equivalent" nozzle — equivaleﬁt in the sense taat
it was designed to have the same nozzle-throat-tc-area ratio as the two 3%
nozzles and, within the tolerances assigned for machining the hardware, this

was accomplished.

The IBFF s a short-duration test facility utilizing scaled versions of
hot-flow rocket motors. Combustion chamber temperatures are full-scale
values while the operating pressures may or may not match full-scale values.
The combustion products and resulting species are equivalent to prototype

values.
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‘NOMENCLATURE

throat cross-sectional ax:ea.. cmZ (in.z) 7
- expansion ratio
equivalent nozzle exit plane diaméte_r. cm (in)
_hydrogen charge tube or gaseous hydrogen
total pi-éssqre probe in hydrogen charge tuke

mass flow, <gm/sec (lb/sec);

oxygen charge tube or gaseous oxygen V

total pressure proi:e in oxygen charge tube

“combustion chamber pressure, N/cmz (lb/in.z)

pitot total pressure,‘ N/c:m2 (lb/inz)

local measured pressure on impinjement model, N/. cmz (lb/ir..z) :

static pressure tap approxxmately 0.46 cm from exit plane

) c{ nozzle -

hea:l:mg rate, watts/ mz (Btu/’ ftz-sec) :

radijal distance, 2m (in.)

throat radius, cm (in.)

axial distance downstream of nozzle exit plane, cm (in.)

radial distaﬁce_/fro:h nozzle centerline, cm (in.)

radial distance from nozzle centerline, cm (in.)

- angle of incidence of orbiter engme centerline relatwe to top

centerline of booster, deg -
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~impact probe angle, deg

see Fig. 7

~ plume jet

freestream
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Section 1

INTRODUCTION

The analysis of nozzle flows and the expanding plume has been the
subject of many analytical and experimental programs in the past. The
state of the art in analytical and empirical i)lume ‘definition has progressed
significantly in the past fow years, in particular the capability to predict
the impingement effects on a body immersed in the plume flow field (Refs.
1 through-12). . )

- The gasdynamic analysis of the plume and the appropriate scaling
parameters for proper plume simulation have been the subject of most of
these studies. Reference 12 provides a complete set . usable data for a -
olum:= impingement study in the form of nozzle analysis, plume definition
and plume impingement on impact probes, a flat plate and quarter-cylinder.

Both analytical and experimental results are presented.

The: major problems associated with plume impingement in relation

to recent space flight tasks have concentrated on the plume expansion and

the resultant loads from typical attitude coatrol and auxiliary propulsion
systems. With the concepts as envisioned for the space shuttle program
the gxpoééd surfaces subjected to impingement loading resulting from stage
sepa}aﬁon and the ensuing orbiter engine burn create some possible control
problems (see, e.g., Refs. 13 and 14). 2 <

The capability does not exist (within presently known techniques) to
analyze a multiplume flow field -such as that which will be found on the space
shuttle orbiter vehicle without resorting to extremely cumbersome and time-

consuming techniques., The interactions between the individual nozzle plumes

cannot be defined anélyticaliy, and no empirical techniques are known to exist,
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A technique was used, as reported in Ref. 15, to predict impingement
loading on a shuttle vehicle by predicting the loads thac result from a single
nozzle. The method is termed the "effective'" or ''equivalent" plume analyt-
ical techﬁiqx.e. This technique can, for more than five nozzle diameters
downstream of the exit plane, effectively simulate the corrésponding analyt-
ical plume periphery shape of a shuttle orbiter engine assembly. Prior to
this test there was a lack of experimental data to which results obtained by
this technique could be directly compared. This was therefore one of the
basic purposes in utilizing both the equivalent nozzle and the dual nozzle as-

sembly. A seconda>y purpose for using the single equivalent nozzle was to

.
B T the Lo ST E RN R 2 SN

Y

check out the operational cnaracteristics of the hardware.

The purpoce of this report is to present the results of an experimentzl

program based on this technique and the comparisons of pressures and heat-

e

ing rates based on the miodel motor operating conditionc.

[T

The plume local flow properties are computed using theoretical flow-
field results obtained from the Lockheed Method-of-Characteristics Computer
Program (Ref. 16) which have been stored previously on magnetic tape. Rea.
gas equilibrium or frozen thermochemical data are obtained from the com-
puter * zrains of Refs. 17 and 18, respectively. Effects which can be in-
cluded the plumr e calculations are: (1) treatment of shock waves; {2) fuel
striations; (3) nozzle effects; (4) nozzle boundary layer; and (5) plume external
flow conditions. The stagnation point heat transfer theory used in calculating
the heating rate indicator is that of Fay and Riddell (Ref. i9). Reference 20

contains detailed resclts of this technique.
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Section 2

EXPERIMENTAL PROGRAM
2.1 FACILITY DESCRIPTION

The Impulse Base Flow Facility (IBFF) consists of a vacuum tank,
vacuum pumping s;stem, nozzle model with supply {ubes, gas handling sys-
tem and required instrumentation. Figure 1l is a schematic of the facility
layout. References 21 and 22 present detailed information on the facility and

its operating characteristics.

The environmental chamber is a mild steel tank, 5.5 m (18 ft) i1 di-
ameter and 7.9 m (26 &) long. The chamber can be evacuated to 5.0 x 10-4
torr for altitude simulations in excess of 91 km (300,000 ft). The chamber

is evacuated in three steps:
e Equalize the chamber pressure with a 1189 m (42 0o0C ft ) vacuum
sphere to 0.2 N/cm? (15mm Hg);

e Evacuate the chamher to 6 x 10~ N/cm (50 microns Hg) with
mechanical pump and blower booster; and

® Further evacuate by diffusion pump to 0.6 x 10’5 N/c:m2
(0.5 micron Hg).

A highly underexpanded plume, with an environmental chamber back
pressure of 0.6 x 10-5 N/cm2 (0.5 micron Hg), results in an effective pressure-

altitude simulation during testing o. 35 km (210,000 ft).
2.2 TEST TECHNIQUE
Figure 2 is a schematic of a typ.cal hot-flov- model and the associated

wave process, The charge tubes (hydrcgen as the fuel and oxygen as the oxi-

dizer) are prepared at the rated pressuie required for the particular test. A

2-1
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mylar diaphragm restrains the flow of the H, and 0, from the mixing volumé < *

of the test model (in thls case either the scaled eq\nvalent engine or_the Scaled ~
orbiter engines). A multxblade cutter ruptures the charge tube diaphragm.- .
Although tkis is a multllayer, smgl_e dlapllragm, each:charge tube is ruptured
simultanecusly. The oxi_dizer/fue’i flows into the mixing’ rea of the system.

At the same instant, an expansion wave and a shock wave are initiated at the
line of the diaphragm rupture. As the process continues, the pressure rises
continuously in the mixif;g area i.nd combgstion chémber. At a prede-si:gned
pressu-re level, a'mylar diaphragm in the' combustion chai;ll:ie:r region at the -
nozzle entrance is ruptured by an-overstress on the dia.phra.gﬁi. This:second
diaphragm ensures that a sharp line exists between the initia_lﬂdw and choked ,
conditions in the stagnation region of the nozzle. The initial shock proceeds
down the nozzle and into the dump (env-ironr;aental chamber) tank, The iiﬁtial
expansion wave moves simultaneously through the charge tubes in an upstream -

direction.

The rarefaction waves in the churge tubes proceed at different speeds,
since the speed of souud in the hydrogen tube i: approximately four times that
in the oxygen tube. This fact is accounted for by rnakmg the hydrogen charge

tube approximately four times the length of the oxygen charge tube.

As the initial shock passes a given point in the flow field (e.g., the
exit pls..e of tne nozzle), the useful run tirne for the t2st begins. The expan-
sion waves ate reflected from the closed end of the charge *ubes and move
downstream. The passage of the reflected wave - past the initiation point
(nozzle exit plane) is considera2d the end of the useful run time. The total
process, from diaphragm rupture to the end of the usefal run time is approx- -

imately 15 to 20 msec, and the useful run time is 6 to 10 msec.

2.3  INSTRUMENTATION

For a typical test, all informatiora must be acquired within 10 msec.

For these tests, a digital data acquisition system operating at either 40,000,

2-2
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80,(7)00:‘.01' 160,000 samples per:se;;ond was used. The data acquisition sys-
tem employed for the first phase has a 32-channel capacity and was operated g .
~ ‘at the 80,000 samples-per-second rate which gave a single channel speed of ‘
= five test frames every two milliseconds. A 60-channel FM multiplex data 4 *

acqulsltxon system with a 40,000 samples-per -second rate was employed for the '

the second phase of testing.

Two t'ypeé of pfessui-e transducers were used during these tests. High-
level pressures wex:e measuréd with Kistler transducers, a piezoelectric in-
strument whose cha.rge output is converted to a high-level voltage with a multi-
range cnarge amphfler. Low level pressures were measured with Hidyne
transducers. a double -coil, variable relu:tance diaphragim instrument used
when high sensitivity and fast response are required. Both transducers are

ca.iibrg.tgd by applying a known pi'essure and recording the output voltage of

the transducer.

Two types of heat sensors were used in this experimental program,
bothr were thin film units (Astro-Space Laboratories, Inc.). The heat sensors
lot:__ated in the ieadiny edge of the vartical tail employed a contoured pyrex
substrate that matched the airfoil section used for the tail. The other heat
sensors,located on the booster fuselage and on the side of the tail, (at 40%

chord) were flat-faced gages. Both sensors utilized a thin (1000 angstroms)

.!:‘\;Y.:*r e

strip of platinum flush mounted on a substrate of pyrex. The standard sen-
sors bave a nominal room temperature resistance of 100 ohms, a resistance-
temperature relationship of approximately 0.18 ohm per degree Celsius, and
a sensitivity of 0.0023 ohm per ohm per degree Celsius. The response tim~

of these sensors is 0.1 to * microseconds.

The ruference pressure of the environmenta) charmnber was monito: ed
with an Alphatron system, and the charge tube pressures were J-*ormined .

using a Bourdon tube system.

2.4 MODELS

The test models, described below, include the two 3% scaled orbiter

2-3
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motors, the scaled 4,242% equivalent motor, impact probe and the aft third of
a scaled 3% General Dynamics B-15B Booster, Only the aft poirtion of the baoster
was constructed since this is the only part which would experience plume im-
pingement, The model was designed and built by Coavair Aerospace so that
the remaining fuselage sections could be added if future testing dictated that
the complete configuration be used, An additional feature of the model allows

a different wing to be attached by rotating the fuselage 180 deg «bout the model
centerline to simulate a high wing configuration, The model fuselage and
vertical tail were directly scaled, The wing was a flat plate of the correct

planform, but which did not duplicate the airfoil section of the real wing,

The model was constructed of several aluminum sections and a..ached

to a steel sting that matched the support system requirements of the IBFF,
2.4.1 Dual and Equivalent Nozzles

The analytical capabilities within the state of the art of gasdynamic
analysis of nozzle flow and plume expansion flow fields do not include the capa-
bility of rapidly analyzing the resultant flow field produced by two or more
interacting nozzle plumes. The fact that this flowfield analysis requires con-
siderable computer time and is exceedingly cumbersome produces not only the
basic question of how the plume properties can be dete1 1iined, but also the
effects of impingernent, The plume expansion will inter_ect in basically the
region of keenest interest, the near field region of X/Dexit < 5, Because of
the complexity of the flow, the only parameters which can be used to duplicat:
the i.lowfield effect are the engine operating parameters, the engine mass flow
(total) and the scale size, Although engine operating parameters do not sirnu-
late the full-scale vehicle from the standpoint of the ''p-#'"' scaling law (Refs.2
and 7), they are scalad for mass flows and combustion prodqucts, Since the
combustion products are not altered by changes in scale size, this leaves the

mass flows to be considered for scaling purposes along wi.h geometri~ scaling,

Thus, to allow analytical assessment of plume properties based on ope-a-

ting conditions of the dual-engine agsembly, the equivalent mass flow of the .
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dual-cngince assembly must be the controlling parameter for scaling

the ""equivalent'' nozzle. (See Fig. 3 for a schematic of the cquivalent nozzle
and Table 1 for the equivzlent nozzle contours.) The geomet-ry of the equiv-
alent engine is the san:. » chat used in the 3% moael, with the scale factor
based onidentical mass flows resulting in a scale siue of 4.242% for the

single 2quivalent engine.

The equivalent nozzle was used for all btaseline measurements. and
analytical analyses for plume predictions, as well as to assess opera-
tional characteristics of the overall system. These conditions were used
to compare bcoster model impingemen. data with the dual-engine assembl)‘r

in both vcrtical and horizontal orientations,

The true scaled nozzle and combustion chamber pressure would
require, for actual viscous terms simulation, a pressure of 7 x 104 N/(;m2
{100,000 lb/'in.z), which is not feasible to consider. Therefore, a nominal

combustion chamber pressure of 689 N/cmz (1000 lb/'inz) was chosen for

convenience, Since the full-scale vehicle requires a combustion chamber
pressure of three times this value, 2100 N/cmz (3000 lb/inz), the pressu.e
ratio across the jet at the exit plane refererced to freestream ﬁressure
(Pj/Poo) is a factor of three too .ow to simulate the\Pj/Poo at 73 km (240,000
ft) for the full-scale vehicle. In order to maintzin the nominal pressure
ratio, the environmental dvmp tank was maintained at a pressure corre-
sponding to a slightly higher altitude. This pressure difference made the
proper adjustment for simulating the pressure ratio required to allow the
full plume expanzion found at 73 km (240,000 ft) operating at a combustion
cham. r pressure of 2100 N/’crn2 (3000 lb/'mz),

See Reference 23 for a complete description of the analytical tech-
niques employed for this test program and an assessment of the analytica.l/

experimental data.

The operating conditions and geometry of the dual and equivalent

engine systerns are shown in the table on the following page.
2-5
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:
I

Engine
Parameter = — T
Dual Equivalent
P . Nfem? iib/in.%) | 689.5 (1000 689.5 {1000) -
O \ i
. gm,’sec (Ib/sec) : 269.4 (0.592) 269.4 (0.592) '

-

r, cm (in.) 0.3632 {(_1420) 0.5194 (0.2045)

A, em? in% ! 0.4144 (C.0642) |  0.8475 (0.1314)
NN : 170 167
: i
Scale, % i 3 | e.242 |
i 1 !

The two simulated orbiter motors (Fig. 4) utilized in these tests were
3% scale mccels designed by Lockheed-ijuntsville Research & E..gineering
Center anc fabricated in the NASA-MSFC shops. The baseline nozzle contour
o1 Aerojet General's 400,000 !bs thrust engine (Re{f. 24} was simulated is
closely as pessible (Table 2) without reso-ting to the extremes whick would
pe required for scaling the surface roughness. The neccessary degre= of
scaling *he suriace roughness of the models to that of the actuz2l hardware is
at present an unknown quantity (Ref. 2)*. The upsi.ream portions of the motors,
shown schematicaily in Fig. 5 were also not scaled. The mixing and combus -
tion chambers were not simulated, ror were the injection svstems for the fuel/
oxidizer combination. The stagnation chamber pressures were different from
both the full scale values and simulation requirements presented in Ref. 2 as
necessary to 3 tcount for nozzle Reynolds number, but the oxidizer-to-fuel
ratio was correlated with that of full scale, using gaseous oxygen and hvdrogen
constituents {or simulation purposcs. This resulted in the proper combustion

products and species breakdown.
2.4.2 Engine Hardware

The carability was designed into the nczzle hardware to accomplish:

*Assignment of a2 +0.005-inch tolerance for machining purposes precluded the
possibility of exactly matching the prototype contour and maintaining the same
nozzle-threat-to-exit-area ratio oetween the two 3% engines and the equivalent
engine.

2-6
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e vertical engine orientation for low crossranyge simulation:
e horizontal engine orientation for high crossrange simulation; and

e stored orbiter engine contour for an ahort simulation.

The abort configuration is simply a shorter nozzle for this testing pur-
pose having an area ratio, A/Aﬁ‘, cf 91:1. The technique for these tests was
to have a separation line. as stown in Fig. 4, in order that the downstream

end of the nozzle can be removed from the nczzle assembly.

The vertical and horizontal orientations are achieved by allowing the

assembly plate on which the nozzles are mcunted to be rotated 90 degrees.

The dual engine or equivalent engine configuration is installed by

utilizing the appropriate port housing, See Fig. 5 for details.
2.4.3 Impact Probes

The plunie flowfield impact pressures (pitot total) were measured with
probes having the configurations shown in Fig, 6. The mpact probe denoted
as being Probe A was used for all near-field measurements. Probe B was
used for intermediate measuremencs and all far-field measurements. Includec
in Fig. 7 is 2 schematic of the impact probe/orbiter nozzle axis system. The
impact probe and mounting mechanism allowed the impact probe to be aligned
with the low along a given direction, which was predicted as being the angle
realized Dy the streamiines at that locale., Figures 8, 9, and 10 are photo-
graphs of the impact probes and the equivalent noz~'e, the two 3% horizontal
arrangement and the two 3% vertica. arrangement. Figures 11 through 34 are

plots of the plume data,
2.4.4 Stagnation I"oint Heating Rate Probes

The stz -—~ation poinc heat trars{er rates for the exhauc<: plumes were

measured with pr- bes having the configuration shown schematically in Fig. 6
2-7
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and pictorially in Fig. 8. The stagnation heating rate probes consisted of a
2.06 cm (0.81 in) diameter hemisphere-cylinder with a 0.318 =m (0.125 in)

diameter flat-faced thin film heat transfer gauge located at the stagnation

s cmenrnd

Foint.

2.4.5 Booster ! .

The booster model emplcyed for these tests, a 3% version of the
Teneral Dynarnics low delta wing/vertical tail vehicie, is shown schemat-
ically in Figs. 35, 36 and 37 with photographs of the actual model and support
system sliown in Figs. 38, 39 and 40. The schematics shown in Figs. 35 and
36 indicate 100 instrumentation ports with 60 allocated for pressure and 40

for thin film heat transfer measurements.
2.5 MOTOR/BOOSTER RELATIVE TEST POSITIONS

The test positions for the plume impingement tests on the General E -

Dynamics model are shown :n Fig.41. The dimensions listed in Fig. 41 are

{
O

all rel~live to the exit plane oi the nozzle assembly being used, whether it

is the single or dual nozzle assembly.

o

topins

Since the nozzle assembly was fixed, angle of incidence was obtained
by moving the booster reference point centerline with respect to the orbiter

engine exit plane centerline.

Figure 42 depicts the model geometry and engine arrangement ior

this test.

2.6 DATA TABULATION

b S g

Tables 3 and 4 are typical examples of the run log and reduced data ont-

put for the plume surveys and plume impingen.ient tests. Because of the bulk

¢ ommrd
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of data accumulated during these tests, the run logs are not included in this
report. Table 5 is an index of the plume impact pressure surveys with the

tabulated results included in Tables 6 through 82. Table 83 is an index o1 the

ey

plume impact heating rate surveys with the tabulated results included in

Tables 84 through 112, Table 113 is an index of the booster impingzment test

g S I

conditions with the tabulated resulls included in Tables 114 through 179. A
complete set of the run logs is available through NASA-MSFC release author-

ization.

The data as shown in Table 4, which is a direct copy of the origiial
printout, are reduced +with a computer program written by NASA-MSFC for

compatibility with the IBFF data acquisition system.
2.7 DATA ACCURACY AND REPEATARILITY

In general, as is the case with any test facility when the test instru-
mentation is pushed well beyond the design limits, the accuracies and repeat-
abilities fall below a desired level, but the data must still be used since it
is a state-of-the-art matter. Development work in the area <{ extremely low .
pressure measuring devices is an ongoing project to 2dvance the capabiiities
of this facility. Results to date are extremely encouraging. In the ranges
for which the present systermn was designed, the day-to-day accuracies and
repcatabilities were within a level of ':-25% of full scale. There are points
which may be found to be outside this range, but the trends on any given test
are well-defined values. The accuracy in absolute numbers represents a vari-
able quantity, The higher pressure levels are the most accurate, with
an absolute level of th%. At the extreme farfield and radial locations tested,
accuracies of tSO% represent the acceptable limits for pressure measurements
since the transducers are being operated in an environment beyond their design
capability. The heat transfer measurements are considered to have closer
tolerances since, where the heating rates are predicted to be outside a given
upper or lower limit (depending on several variables), no attempt was made
to measure the values. The heat transfer results. then, are considered to

be within 120%.

.
W
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Data points found to be outside the trend of values, particularly on
plume centerline measurements, can in all probability be attributed to impinge -

ment of mylar diaphragm particles on the heat sensors and into the pressure
iransducers.

.3 ALIGNMENT ACCURACIES

Test hardware was aligned by optical and mechanical meaas relative
> the exit plane of the nozzle being tested. The location tolerances for the

impact probes and the booster model for the staging impingement tests were
as follows:

Impact Probe

= *0.125 cm (F0.050 in.)

*0.125 cm (10.050 in.)

=%0.125 em (Y0.050 1)

*0° 10 min

N < X
1

L
i

Booster Model

=16.125 em (Y0.050 in.)
T0.125 em (10.050 in.)
-*0.125 cm (10.050 in.)

= tOO 13 min

R N =< N
"
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Section 3
EXPERIMENTAL RESULTS

The results of this experimental program were obtained in two phases,
A new n.odel support system was installed between the end of Phase [ and the
beginning of Phase II. Installation of the system: required a thirty-cday shut-
down of the IBF ¥ during which time a 60-channel data acquisition system was

also installed. The divisions of each phase are listed below.

Phase I
Test 019: Plume Surveys at X/D = 4, 12 and 15
Test 020: Model Impingement Tests

Phase II
Test 021: Plume Surveys at X/D = 2,4, 10 and 15
Test 022: Model Impingemes: Tests
Test 024: Plume Surveys at X/D =1 and 2

All plume heating data presented in Figs. 29 through 34 has been normal-
ized to a chamber pressure of 386.1 N/cm2 (5690 lb/inz). The booster impingement
pressure data are presented in Figs. 43 through 90 and the booster impingement
heating data are presented in Figs. 91 through 118. The booster heating data were
normalized to a chamber pressure of 689.5 N/cm2 (1000 lb/inz). The actual

experimentai values are listed in the applicable data sheets,

The normalizing equation in both cases was

pc
normalized

measured Pc
measured

qnormalized Pc =9
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3.1 PLUME IMPACT PRESSURE SURVEYS

Analytical predictions of the properties of the plume flow field were

compared and analyzed with these experimental results and published in

Ref, 23,

The surveys of the plume flow field are listed in Table 5 and the resulits

are listed in Tables 6 through 82, Plots of the plume survey data are shown

in Figs. 11 through 28,
3.2 BOOSTER IMPINGEMENT DATA

Analytical predictions and analysis of the orbiter plume impingement

on the booster were compared and analyzed with the experimental results

and published in Ref, 23.

The test conditions and engine configurations to which the booster model
was subjected are listed in Table 113, and the results are listed in Tables 114

through 179, Plots of the booster impingement data are shown in Figs, 43
through 90,

Full scale axial force, normal force and pitching moment data which were

derived from Phase I of the test data are presented in Ref, 25.

3.3 DATA ANALYSiIS/REDUCTION

The complete time history trace of run 63/0 reveals the typical data
curves generated by plotting selected output from the digital data acquisition
system (Fig. 119). The O, and H, charge tubes are charged to their pretest
pressure of approximately 1300 psia and their output is nulled to zero. Because
of the method used in calibration, a negatively increasing value of counts
output represents a decreasing pressure from the 1300 psia starting point.

In the case of Fig. 119, which is a reproduction of run 63/0, or the dual-

vertical engine, the net output at the average value for what was considered

3-2
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the test frames, was -930, and -953 counts for the charge tubes. With a
sensitivity of 1.4245 and 1.4163 psi/count, respectively, the: e represe ta

net pressure reading of 1357 and 1317 psia.

The diaphragm rupture occurs in this case at approximately the 5ist
‘rame with almost instantaneous response by the instrumentation. Analysis
of these curves generally begins with an inspection of the chamber pressure
curve to see if it exhibits a rapid rise time to a steady state chamber pressure.
Couplw.d with this observation is an inspection of the O2 and H, curves to see if
they indicate a characteristic drop in pressure followed by a2 subsequent level-
ing o I and if the slopes of the two curves are somewhat "parallel' to each
other. The assumption made during the O, and H; curve inspection is that if
the tw. cu;ves are relatively flat and parallel then this time frame represents
one of a constant O/F ratio. Another measurement examined to determine the
lower limit of test frame data is the PNl static pressure curve. Generally
this curve corresponds to the chamber pressure curve with a possivle difference
occurring in the test frame number associated with the onset of instrument-

ation response.

To determine the upper limit of test frame data associated with a pre-
viously selected test frame range in the flai portion of the chamber pressure
curve requires considerable experience and "feel" for the data curves ob-
tained fro.n the IBFF. For this reason a more general discussion of the
remaining data analysis will be attempted. To determine the upper test
frame limit on test data the pressure and temperature curves are examined
individually to detect the occurrence of reflected shock effects on the test
data. Remembering that the IBFF is a cylindrical tank 5.5m (18 ft) in diam-
eter with a scaled rocket engine firing f>r approximately 30 milliseconds, the
existence of shock waves reflected off the inside walls is a certainty. De-
pending upon the location of the instrumentation, axially and radially with
respect to the centerline of the engines, it may be subject to reflected shocks.
The irfluence, if any, on the data curves will be readily apparent and the test

fr. me associated with this disturbance will represent the upper limit of test

3-3
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data for that spccific measurement, The test frames selected for examination t
and determination of the time-averaged value for that measurement will gen-
erally be in the first level portion, above the tare reading, of that curve. This
level portion may correspond to the same test frame numbers selected for de-
termination of the average chamber pressure but generally will be higher test
frame numbers. This is possible due to the axial range of instrumentation and
the corresponding response lag between a near and far field measurement.

The number of test frames selected for determining the time-averaged value

of the measurement depends upon the number of frames that correspond to a
"Jevel" curve and/or whether the cutoff limitation due to reflected shocks was
encountered. The test frames selected as representative of the measurement
for each pressure were time averaged using a data reduction program developed
by NASA-MSFC and compatible with the IBFF me=asurements. The test frames
selected for the temperature measurements were determined in a similar
fashion and coupled with a computer program (Ref. 26) to determine the heating

rates.

3-4
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Section 4 ‘

CONCLUSIONS

The reported experimental test results represent, primarily, two major
considerations or accomplishments. First, a demonstrated capability for short
duration testing of space shuttle vehicles during separation in the Impulse Base
Flow Facility has been shown, and secondly these results are representative
of the type of complete studies needed to verify the analytical predictions of

nozzle plume flow fields.

Some points to be considered in designing engine hardware and planning
plume impingement tests are as follows., The smallest tolerances possible
should be assigned for engine hardware to limit nozzle contour variations from
prototype values. After tte rcovzle has been fabricated, the exact internal
contcurs should be determined by, for example, pouring an RTV mold and

determininz the nozzle contours from an optical comparator, Data thus ob-
dict the resulting model nozzle flow field,

If mylar rupture diaphragms are employed for short duration testing,
an effort should be made to ascertain if the flow field is relatively free o -~
diaphragm particles, The introduction of any contaminants from rupture
diaphragms composed of mylar or cellophane or from ignition sources will
appreciably reduce the life span of thin film heat transfer gages and can
result in erroneously high heat transfer measurements,
e
Centerline probe measurements of the plume flowfield(s) were occa-
sionally susceptible to severe particle impingement, in some cases mylar
particles were frund lodged in the pressure transducers, In several cases
the thin film contoured heat sensors suffered erosive pitting of the pyrex

substrate and platinum sensing strip,

' tained can be used as input to the specific theoretical model employed to pre- -

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
“xy‘ -
NS NGNS SR ™R ] - [ L I - e e e — --lll-‘




LMSC-HREC D225839

Occasionally the heat sensors in the rake sw-veys and the contoured
heat sensors experienced a change in resistance (heating rate) greater than
1000 ohms from predictians. In these cases the predicted resistance change
was generally an order cf magnitude less than the sensor was capable of with-
standing. When these seusors were examined, a completely eroded platinum
strip and severely pitt~d pyrex substrate were found. Conversations with
Cornell Aerorautical Laboratories, Inc., {(Ref. 27) indicate that this is not an
unusual occurrence and replacement of the thin film gages with calorimeter

type gages eliminated their erosion problem.

During the latter portion of Phase II plume surveys, the IBF¥ persornel
were able to ignite the propellants by an adiabatic compression process that
elevated the propellant mixture to the ignition temperature witkout the use of
an igniter. Since only pressure measurements were being monitored during
this sequence it is to> early to assess the effect of removing a potential con-

tamination source, namely, the igniter.
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Appendix A
TABLES
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LIST CF TABLES

1 Eguivalent Orbiter Nozzle Contour (4.242% Scale)

- ————

e

: Orbiter- Baseline Nozzle Contour (3% Scale)
Typical Run Log — IBFF Calibration Data

+ Typical Program Outpul Listing

N

& X/D
T XD
X/D

9 X/D
10 X/D
11 X/D
12 X/D
13 X/D
14 X'D
15 XD
16 X/'D
17 X/D
18 X/D
19 X/D
20 X/D
2t X/D
22 X/D
23 X/D
24 X/D
25 X/D
26 X/D
27 X/D

Plume Impact Pressure Surveys

IBFF¥ 3% GENERAL DYNAMICS BOOSTER/SEPARATION
IMPINGEMENT TEST (PLUME DEFINITION)

1.0 Equivalent Engine, Run 64/2

1.2 Equivaleat Engine, Run 65/0

1.0 Equivaleat Engine, Run 66/0

1.0 Equivaleat E.gine, Run 67/0

1.0 Dual Vertical Configuration, Run 72/2
1.0 Dual Vertical Configuration, Run 73/3
1.0 Dual Vertical Configuration, Run 74/9
i.0 Dual Vertical Configuration, Run 75/0
1.0 Duai Horizontal Configuration, Run 68/1
1.0 Dual Horizontal Corfiguration, Run 69/0
1.0 Duai Hortzoatal Configuration, Run 71/0
1.0 Dual Horizoatal Configuration, Run 70/9
2.0 Equivalent Engine, Run 1/0

2.0 Equivalent Ergine, Run 2/0

2.0 Equivalent Engine, Run 3/0

2.0 Equivalent Engine, Run 3/1

2.6 Equivalent Engine, Run 76/0

2.0 Equivalent Engine, Run 77/0

2.0 Dual Vertical Configuration, Run 34/0
2.0 Dual Vertical Configuration, Run 35/1
2.0 Dual Vertical Configuration, Pun 36/0
2.0 Dual Vertical Configuration, Run 78/0

A-i
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Page
A-1
A-2
A-3
A-4

A-9

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27
A-28
A-29
A-30
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2.0
2.0

2.0
2.0

=20

2.0
4.5
1.0
4.0
4.0
1.0
4.0
4.0
£.0
1.0
1.0
4.0
1.0
1.0
4.0
4.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.G
10.0
10.0
10.0
10.0

LIST OF TABLES (Continued)

Dual Vertical Configuration, Run 79/0
Dual Horizontal Configuration, Run 37/9
Dual Horizontal Configuration, Run 33/0
Cual Horizontal Configuration, Run 39/1
Dual Horizontal Configuration, Run 80/1
Dual Horizontai Configuration, Run 81/0
Equivalent Engine, Run 4/0

Equivalent Engine, Run 5/0

Equivalent Engine, Run 6/0

Equivalen® Engine, Run 47/1

Equivalent Engine, Run 6/

Dual Vertical Configuration, Run 5/0
Dual Vertical Configuration, Run 31/0
Dual Vertical Configuration, Run 32/0
Dual Vertical Configuration, Run 33/0
Dual Vertical Configuration, Run 49/0
Dual Horizontal Configuration, Run 48/0
Dual Horizenial Configuration, Run 40/0
Dual Horizontal Configuration, Run 41/0
Dual Horizontal Configuration, Run 42/0
Dual Forizontal Configuration, Run 4/0
Eguivalent Engine, Run 7/0

Equivalent Engine, Run 8/C

Equivalent Engine, Run 9/1

Equivalent Engine, Run 10/0

Dual Vertical Configuration, Run 27/0
Dual Vertical Configuration, Run 28/0
Dual Vertical Configuration, Rua 29/0
Dual Vertical Configuration, Run 20/0
Dual Horizontal Configuration, Run 43/0
Dual Horizontal Configuration, Run 44/0
Dual Horizontai Ccnfiguration, Run 45,
Dual Horizontal Configuration, Run 46/0

A-ii
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LIST CF TABLES (Continued)

Table Page
61 X/D = 12.0 Equivalent Engine, Run 58/0 A-64
62 X/D = 12.0 Dual Vertical Configuration, Run 62/0 A-¢5
63 X/D = 12,0 Dual Vertical Configuration, Run 63/0 A-66
64 X/D = 12.0 Dual Horizontal Configuration, Run 60/0 A-67
65 X/D = 15.0 Equivalent Engine, Run 1/5 A-68
66 X/D = 15.0 Equivalent Engine, Run 1/6 A-69
67 X/D = 15.0 Equivalent Engine, Run 50/0 A-70
68 X/D = 15.0 Equivalent Engine, Run 15/0 A-71
69 X/D = 15.0 Equivalent Engine, Run 16/0 A-T2
70 X/D =150 Equivalent Engine, Run 17/0 A-73 ~
71 X/D = 15.0 Equivalent Engine, Run 18/0 A-74
72 X,/D = 15.0 Dual! Vertical Configuration, Run 2/0 A-73
73 X/D = 15.0 Dual Vertical Configuration, Run 56/0 A-7o
74 X/D = 15.0 Dual Vertical Configuration, Run 57/0 A-77
75 X/D = 15.0 Dual Horizontal Configuration, Run 51,0 A-78
76 X/D = 15.0 Dual Horizontal Configuration, Run 52/0 A-79
77  X/D = 15.0 Dual Horizontal Configuration, Run 53/0 A-80
78 X/D = 15.0 Dual Horizontal Configuration, Run 54/90 A-81
79  X/D = 15.0 Dual Horizontal Configuration, Run 51/0 A-82
80 X/D = 15.0 Dual Horizontal Configuration, Run 3/1 A-83
81 X/D = 15.0 Dual Horizontal Configuration, Run 54/0 A-81 .
82 X/D = 15,0 Dual Horizontal Configuration, Run 55/0 A-:53
83 Piu.... Impact Heating Rate Surveys A-86

IBFF 3% GENERAL DYNAMICS BOOSTER/SEP# RATION
IMPINGEMENT TEST (PLUME DETFINITION)

84 X/D = 4.0 Equivalent Engine, Rua 6/0 2-32

85 X/D = 4,0 Dual Vertical Cornfiguratioa, Run 5/0 A-89

g6 X/D = 4.0 Dual Hori:zontal Configuration, Run 4/0 2.-92

87 X/D = 10,0 Equivalent Engine, Run 11/0 -3

88 X/D = 10,0 Equivaleat Engine, Run 11/1 s-un

89  X/D = 10.0 Equivaient Engine, Run 12/0 -3
A -iii
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Table
90
ql
92
3
94

96

97

98

99
100
101
102
103
104
105
i06
167
108
109
i10
111
i12
113

114
115
116
117
118
119

X/D
X/D
X/D
X,/
WD
X/D
X/D
X/D
X/
X/D
X/D
X/D
X/D
X/D
X/D

10,
10.
10,
10,
1C.
12,
12,
15,
15,
15,
15,
15,
15,
15,
15,
15.
i5,
15.
15,
15,
i5.
15,
15.

0
0
0
0
0
0
0
0
¢

(o]

QO o QO

0
9
0
0
9
0
0
0
0

LIST OF TABLES (Continue)

£quivalent Engine, Run 13/0

Dual Vertical Configuration, Run 25/0
Dual Vertical Configuration, Run 26/0
Dual Horizontal Configuration, Run 47/0
Dua' Horizonta! Configuration, Run 48,0
Equivalent Engine, Run 58/0

Dual Horizontal Configuration, Run 6G/0
Equivalent Ergine, Run 1/5

Equivaieni Eugire, Run 1/6

Fquivalent Engine, Run i5>,)

Equivalent Engine, Run 52/0

Equivalent Engine, Run 53/0

Equivalent Engine, Run 14/0

Dual Vertical Configuration, Run 2/0
Dual Verti~al Configuration, Run 23/0
Dual Vertical Configuration, Kun 24/0
Dual Vertical Configuration, Run 25/0
Dual Vertical Configuration, Run 26/0
Dual Horizontal Cenfiguration, Run 3/1
Dual Horizontal Configuration, Run 49/0
Duzl Horizontal Configuratior, Run 50/0
Dual Horizontal Configuration, Run 54/0

Dual Horizontal Configuration, Run 55/9

Booster Impingement Test Conditions

TEST POSITION 2

Equivalen: Engine, Run 10/0

Equivalent Engine, Run 11/0
Equivalent Engine, Run 13/0
Equivalent Engine, Run 59/0

Equivalent Engire, Run 60/0

Dual Horizontal Configuration, Run 14/1
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LMSC-HREC D225339

LIST OF TABLES {Contiaued)

Table Pag~ .
120 Dual Horizontal Configuration, Rca 15/0 A-12% S
121  Dual Horizontal Configuration, Run 17/1 A-129 -

TEST POSITION 4
122 Equivalent Engine, Run 45/0 A-130

TEST POSITION 5

123 Equivalent Engine, Run 40/0 A-131

124 Equivalent Eng.ne, Run 41/9 A-132

125 Equivalent Engine, Run 42/9 A-133

126 Equivalent Engine, Run 87/0 A-13% 0
127  Equivaient Engine, Run 88/0 A-136 :
128 Dual Horizontal Configuration, Run 18/1 A-138

129 Dual Horizontal Configuration, Run 19/0 A-13%

130 Dual *'orizontal Configuration, Run 20/0 A-140

TEST POSITICN 8

131 Dual Horizontal Configuration, Run 31,1 A-141
132 Dual Horizontal Configuration, Run 32/0 A-142
133 Dual Horizontal Configuration, Run 33/0 A-i43 i

i)

TEST POSITION 11
124 Dual Horizontal Configuration, Run 29/0 s34 b

135 Dual Horizontal Configuration, Run 30/0 53

TEST POSITION 14

136 Equivalent Engine, Run 43/1 A
137 Equivalent Engine, Run 44/1 S-i=T
138 Dual Horizontal Configuration, Run 21/1 A- 4
139 Dual Horizontal Configuration, Run 22/0 —.-146

TEST POSITION 15
140 Equivalent Engine, Run 27/0 £-135

141 Equivalent Engine, Run 27/1 A-17%

A-v
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152
153
154
155
156
157
158
159

1690
161
162
163
164
165
166
167

LIST OF TABLES (Continued)

Equivalent Engine, Run 28/0
Equivalent Engine, Run 28/1
Equivalent Engine, Run 96/C
Equivalent Engine, Run 96/1
Equivalent Engine, Run 55/1
Equivalent Engine, Run 56/
Dual Horizontal Configuration, Run 80/1
Dual Horizontal Configuration, Run 81/1
Dual Horizontal Configuration, Run 25/0
Dual Horizortal Configuration, Run 26/0

TEST POSITION 17
Equivalent Ergine Configuration, Run 79/0

Equivalent Engine Configuration, Run 79/1
Dual Hcrizontal Configuration, Run 23/1
Dual Horizontal Configuration, Run 24/0
Cual Horizontal Configuration, Run 78/0
Dual Horizontal Configuration, Run 78/1
Dual Vertical Configuration, Run £€3/0
Dual Vertical Cornfiguration, Run 64/0

TEST POSITION 29
Equivalent Engine, Run 95/0
Equivalent Engine, Run 95/1
Dual Horizontal Configuration, Run 34/0

Dual Horizont*al Configuration, Run 35/1
Dual Horizontal Configuration, Run 94/0
Dual Horizontal Configuration, Run 94/i
Dual Vertical Configuration, Run 93/0

Dual Vertical Configuration, Run 93/1

A-vi
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168
169
170
171
172
173
174
175

176
177
178

179

\’4~

T T

LMSC-HREC D225839

LIST OF TABLES (Concluded)

TEST POSITION 30
Equivalent Engine Configuration, Run 84/0
Equivalent Engine Conﬁgui‘ation, Run 84/1
Equivalent Engine Configuration, Run 37/9
D.al Horizontal Configuration, Run 36/0
Dual Horizontal Configuration, Run 97/0
Dual Herizontal Configuration, Run 97/1
Dual Vertical Configuration, Run 83/0
Dual Vertical Configuration, Run 83/1

TEST POSITION 31
Equivalent Engine, Run 39/0
Equivalent Engine, Run 86/0
Equivalent Engine, Run 85/1
Dual Horizontal Configuration, Run 38/0

A -vii
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Table 3

LMSC-HREC D225839

TYPICAL RUN LOG -IBFF CALIBRATION DATA

Channel Transduacer Zero Input Full-Scale !
Number Location 1’ressure Output |
! (ccunts) (psia) (counts) t
i - - - - |
2 ’ o, 4 850 - 721 ;
3 P. -6 450 738 !

4 H, 4 850 - 715
5 o -8 105 - 745 |
6 Hop -4 105 - 749 ;
i 7 PNI -2 4 711 |
8 Pl 10 0.5 714 i
P2 -1 0.5 706 ;
\ 10 P3 -6 0.5 687 ;
11 P4 4 0.5 716 5
12 P5 0 0.5 696 .
13 P6 -1 0.5 l 709 |
i4 P7 14 0.5 720 ;
15 P8 12 0.5 722 |
16 - - - - :
17 - - - - ;
18 P9 .13 0.2 692 :

19 Plo 3 0.2 6cc
20 P11 -3 0.2 695 ;
21 P12 7 0.2 | 71¢ n
22 P13 -10 0.2 ! 680 |
23 Pl4a - 4 0.2 | 689 !
24 P15 -2 0.2 | 664 i
25 - - - ! - |
26 Pl6 125 9.2 [ - ‘
27 P17 0 0.2 699 ‘

28 Ql - - : -

29 - - - \ -

30 Q2 - - l _
| 31 Q3 - - ‘ - ,
. - ) | o

A-3
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Table 5

LMSC-HREC D225839

" PLUME IMPACT PRESSURE SURVEYS

{ T =
Table Engine Run PC 5
No. X/D | Config. | No. Symbol (psia) (Hg)
6 1.c 1 64/2 O - 5717.9 1.0
7 1.0 1 65/0 0 695.8 . 5.0°
8 1.0 1 66/0 | [T | 630.5 5.0
"9 1.0 1 67/0 O+ | e62.7 2.6
10 1.0 2v 72/2 > | 6202 4.0
11 1.0 2v 73/3 O- | 6582 4.8
12 1.0 2v 74/0 On 606.5 4.4
13 1.0 2v 75/0 O 658.1 . 2.8
14 1.0 2H 68/1 O | 6240~ | -3.0°
15 1.0 2H ¢9/0 O . .627.6 5.9
16 1.0 2H 71/0 O- 623.1 4.0
17 | 1.6 2H 70/, 0} 612.8 4.0
18 | 2.0 1 1/0 O 835.4 5.0
15 2.0 1- 2/0 ju 549.5 4.0
20 2.0 1 3/0 uf 667.6 5.7
2i 2.0 1 31 | O 543.4 5.2
22 .0 1 76/0 1) 671.3 4.0
23 2.0 1 77/0 = 636.0 5.0
24 2.0 2v | 34/0 O 528.9 5.3
25 2.0 2v | 38/i < 569.2 5.5
26 2.0 2v 36/0 O 618.9 5.0
{27 2.0 2v 78/0 L ) 634.8 3.6
28 |, z.0 2v 79/0 [+ 590.9 4.0
2 : 2.0 2H 37/0 O 614.9 .~ 5.0
A-5
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: " PLUME IMPACT PRESSURE SURVEY" o

Tab’e ‘Engme I Rue | = _l.TTe.
No'.~ ' Conflg. ‘No.:+'| {:Symbosl . |.-<s(psi

e
~
O

PR

s 32| 2.0 |*2H |80/
T 33 | 2.0 4 ]
EL 34 4.0 1
Lo s 35 | 40 |
-] 36 4.0
: 37 | g0,
8 | a4
39 | 4.0 | 2v
a0 | a0 |" ?.v“‘V
a1 | a0 |o2v .|
42 - 4.0 | 2v
Tf 43 2| .4.0¢ | -2V -
44" | 40 | 2H - 48/0
45 |- 4.0 | 2H- 40/0

30 | 2.0 i
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Tabie 5 {Continued)

LMSC-HREC D225839

Pi,UME IMPACT PRESSURE SURVEYS

. ‘ \ i

Tabdle ' Engine ’ Run , PC 3 5
No. ! ¥/D §c:onfig.f No. 1 Symbol i (psia) (tz)

: i . o

53¢ 100 i 2v | 27/0 1 € 7085 ..
54 10.0 ; 2V 28/ O . 6829 5.0
35 10.0 . 2V 29/0 , & i 7317 2.6
26 100 | 2v /0 ¢ O 6696 3.6
57 1 10.0 ; 2H 13/0 O . 6187 5.9
58| 10.0 [ 2d 14,0 ® 675 3.2
¢, 100 ' 2H 15/9 ® | 62 . =3
66 1 100 | 2E | 46/0 QP : 682 BN
61 4 120 . 1 | s58/0 O . 5772 D25
62 3 12.6 i 2V | &2/0 @ | %3 70
3 1 12.0 | 2v 63/0° O 658 b oas
64 = 12.0 | 2H €0/ ' O ' 6204 ! 2.2
65 3 15.0 | 1 ; s CF 608.5 C 6
L Y R W Y 7 N = 342 [ 6.0
€7 1 15.0 1 /0 | @ . 5273 {10
68 | 15.0 1 1sfo | O g £07.6 s
¢9 ; 150 1 b o16/0 ! O C 604.3 .
i1 15.0 1 i 17/0 , O i 604.1 i0.C
71 ’ 15.0 1 | 1s/0 % I 638.0 |
72 . 15.0 2v i o2/00 0 P 533 &
31 ogso | o2v ! safe 1 O 1 6974 I 1o
a0 | 2V §os7/00 | @ 1 6613 S
B0 g5 2 ! sifo ;O | 7575 :.

Paase
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\
s
Table 5 {Conc!-:ded) ‘
PLUME IMPACT PRESSURE SURVEYS -~
! i . <
. , . ‘ o .
Tatle ' Engine ' Ran | ! Pc !' =
~ Do, X/D :Conﬁg. ; Ne. - Symbol . (psia) ; luHg)
| P ! :‘ T
76 15.9 2H s2/0 | O 725.9 ! 3.0 !
77 15.0 : 26 | 53/0 ;. O 725.9 P20
78 15.0 ’ 2H 54/0 i Q 7319 | 30 i
. * : H -
79 150 | 24 s1/0 (o 434.8 ; 2.1
i i 9 ' i 3
i { | i i i
-
€
A
R
{
i
3
Phase 1
A-8

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER




LMSC-HREC D225839

b

0

—_— ,\.cﬁ X 681°9 Le Le
-_— v..S X €00°1 ve 9¢
-_— m..o_ X 2¢6°'8 0 St
——e— F.E X 2¢8'¢ 0 82
—— J.o— X 189'9 Vs 0¢
R m.o~ X gee'e 0¢ 6
— n..: X LLe'9 9¢ 2
— [p-rt X001 | o 0
ASEEPALLY Y PR (U N LCION

06¢'1 A A

002'1 92'9 uoreainby :9dAy suyBugy
001'T be'g eied 'L = LoRENAWOD 4
046" b0'S BUOII I 0'p = 'TOHAME
008" Yo'y 1:0°9 = 4/0
009" ST'g [ = a/x
ooy’ 212 ‘uy gez's =d
0 0 ‘w1 g6z’ = X
G\dn A:._Lv saajowereg A1j[ioe g ]

(Uontuyracy awn|g) 1say, wotuadurdwy vofjus ﬁ_um\uo:ocm eojweuAQ [eaauadn) 9%¢ JJ4G1T

e

ey e e pEwe ey preves,

oy

[

prmei  pemet el pvenl el e pemw O ee SN BB OO

v o

9 91qe.L

A-9




LMSC-HREC D225839

L et

Letie et e s ————————

g-0TX92I 1| L€ /¢ 05¢€° 1T s21°¢L
¢-01 X 6629 ¥ 13 0021 92'9 juateainby :odAy suilug
por X LITT 0 s¢ 001 b8'S etsd grgpg = “OPEINAWOD
,-00%919°2] 0 82 056’ ¥0's BuoIdT 0'g = T oAty
p-01 X 689°6 | ¥§ 07 008’ ve'vy 1:0°9 = 1/0
o o€ 6 009’ SI'€E 1 o=a/x
g-0UXLE2' ) 9¢ 4 00% 21'2 ‘ut g62's = d
401X 8EUT| 0 0 0 0 ‘Ut R6Z'S = X
2] m.mr\o.nm ?:E.&o (Rap) a/y A.Fmv saoldweared A1j[joey

{Uonijuiyaqy awWn{Zy 180, oW aduidw] votied vdag/191900g sotweulq 1R15UD %E JAG]

L 2lqelL

A-10

mn-v
-,

s
a -

=

-y
-

arS—-an.

R l'“ Wﬂ"'—'l TR AT W A "" LR T

S~

nyd

T A TRk

P~




LMSC-HREC D225839

b

|

— |0t xprryy e LE 06¢€° 1 gel'L
——— |,-01 X €81 | ¥z 9¢ 0021 92'9 justeatnby :edAg asuiBuy
uorIsnNguIod —
— |,-01X€92°1| © 15 001°'1 ¥8°'s vied g ogg = oo nAMOd, >
jusquue <
— |p-01*6172| o 82 056" ¥0°'S BUOIDTN 0°S = d
= [,-0T ¥ 661°L| ¥S 02 co8* y'v 1:0'9 = Jd/0
— .0l x¥Il'z| oOf 6 009° SI'¢€ 1 =a/X
— .01 % 680'L ¢ 2 00%’ 21'e ‘Ut g6T’s = Qg
T |01 X686 O 0 0 0 'ur 862's = X
d..u.m-NG.\.zmv um\mm A.:_:;oaﬁ&\ a/u A.cﬂwV sadjouieaeg Ajrfiovd

“{uonituljag awinig) 1897, uawadurdiu] uoties vdag /1918009 soTWERUAQ TBIBUSND %¢ JJG]

_

8 21qe L

"lli!l!llll!'!ll"




/ 4 4

- oot (o P 4 Povasse s 1 o Prawe- ¢ [ oot { Gttt pove™ rormn [ e ] ] ] L [ ]

IR A e an® 3

b
£
r
WA
b
-
.W
W;
F
4
&
—— |0t xe28'z| e LE 0s€’ 1 s21'L _m
—— |,-01x 16zl v 9¢ 002’1 $2'9 wareanby :edAy euidury w
u <
——— |0t x89r1| o s¢ 001°T $8'S ered yrz99 = oPeIMAMOdg N
¥
<
— |,.01x 569z o0 82 056° $0'S SUCIOIN 9'7 = T oTAME4
— |01 X 569°S | %S 02 008’ A ' 1:0'9 = 3/0O
——— |01 x 2661 | of 6 009" SI'¢€ i =a/x
- |01 x 182°9| 9¢ ? 00%’ 212 'u1 g62's = Q
o~
@ — | .01 x¥z2'1| © 0 0 0 'ur 862's = X
~)
o)
ai o 3} S : L:E) . .
° 558 N_““\ 9) m\mm T.;rﬂoa op) a/u ( c% sxvjoweareyg Ajroeyg
03]
m (uonyuryag swnyg) 189, wawoBurdwg uonivaedag /1931800 SOTWRUAG TRISUID %¢ JIH] }
O
V]
2 6 dlqel




LMSC-EREC D225839

13

0

R ¢-o.- X 260°1 Le Le
- v-o~ X €60°¢ ¥e 9¢
- v..o— X G£6°'¢ 0 Gt
_— m..oﬁ X gst1 0 82
I m..oﬁ X 19¢°¢ 1471 02
— ﬂ...oﬁ X $88'9 o€ 6
-_— N..oﬁ X $L0'1 9¢ 4
I m..o~ X L66'¥ 0 0
g.‘md\sumv unm\o:'w (FuTa@y [{asp)

05€"T §21°L
002'1 92'9 %€-AT @dAL surduy
001°T b8G eted 2029 = :oﬁasnﬁo:nm
056° $0°'S BUOIOYN 0'p = ' oTAWT,
008" vy 109 = Jd/0
009° S1'¢ 1 =a/x
00%* e ‘ur geg's = d
0 0 ‘ur gee's = X
"uy P -
a/u ( m.v sadjowereg A11(Ioeg

{vonitutyag awunyg) 1fa ], wawafurduwiy uoriua _.dum\..vgmoom sotweudg [eIauan 9%¢ J.I¢1

2

el

p

A-13




LMSC-HREC D225839

.

b o ow

apeany o an peet

[

— |0t xtieel L LE ngg' 1 S21'L
— |01 *¥ LTy ve 9¢ WIVPAR 92'9 %e-AZ 0ddy surBugmy
uoyIPNQUIID
—— |,.0tx619%l o s¢ 001°1 $8'G ered 7rggg = LoPONAEIY 4
——— |01 x091°T| 0 87 056° $0°G SUOXOIN §°F = T oTANtg
— |0t % zewe| s 02 008’ TR 1:6'9 = d/0
—— | .otxezrL| ot 6 009" S1°¢ 0T = a/xX
—— | .ot xs886| 9t z 00%" 212 ‘ur g62's = d
——— |01 X 60v'E| O 0 0 0 U1 862°§ = X
D96 - 1)/ M) u&\o:.m A.:_Evoauog a/y n.cmv gavjoweaeg AnTroey

b

{Uontuijag awinig) 189 juswaduidw] uonjeredag /1918009 svjweuiq [e19UsD %E JAH]

1 ?qel

A-l4




LMSC-HREC D225839

— |g-0T*¥61'9 | Lif LE 05€°1 ser'L

—— |01 *x€£9'9 | we 9¢ 002°1 92'9 %€-AZ :edAy euiduzmy
" 01X PI9°5 | 0 S€ 001°7 ¥8'G etsd grgo9 = LOPENAWOd 4
——— |0t xepsT| o 82 056’ $0°S BUcIoIN 'y = LoTIHTy
— [¢.01x186°2 | ¥S 0¢ 008" ey 1:0'9 = 4d/0
— |¢-01 %9528 | of 6 009’ sU¢ I =a/x
— |,-01x880°1 | 9¢ 2 00%° 212 ‘'ur gez's = d
— |01 X 2eF | 0 0 0 0 ‘Ut g62°'s = X

auum-N:\Emv u&\o,m ?:_Evoﬁ::& a/u A.Fmv sasjowieaeg Aioeg
b

(uonitulyag swnig) 159 ] vawoduidwy] uoyiea mmeM\uo:oom sdjweulg [eI9udn %¢ JAd]

21 arqe],

A-15

PR
2 RS

Ty



LMSC-HREC D2258365

- - . - ——— o e - gt
- - PR - PR P b ciavi P - Prpen W b e Ay o — .

—— |otxese| e | us 0s€°1 S21°2 |
g
il P SE] 4 8 B £ 9¢ 002’1 02'9 %€-Az PdAL surduy &
m—— | .01 % €L6'F| O 5¢ 001 ¥8's ered 1'gg9 = TOPEMWOI 41, Lo
:
-—— |01 x90z1| o 82 056’ $0°S suoxoTN gz = 1o liHEg !
m——— | .01 % 825°C | ¥S 02 008"’ ¥ 1:0'9 = 1/0 m
- — |¢-01%c€18°9| oOf 6 009’ SU'€ : 1 =ga/x '3
~——— | 01X 96| 9€ z 00¥"* 20z u1geT’s = a 1
i
T |01 X 618'€ | 0 0 0 0 ‘urg6z's = X w
1y
[59% ,N&N:um: unm\n”nw {urw) 1{agup) a/u A.cﬁﬁ saajoweaeg AjqIoe g _w’
b 0 :

(vonituyya@ awinid) 3891 juawaduiduwy :oﬁm.nmaoM\huumoom sotweulqg 1eaauan 9%¢ JJIG]

¢l 2lqeL

Rt



LMSC-HREC D225839

— |c-01 X ¥E9°€| L€ LE 0se' 1 S21°L
——— [;-01 X 020°1 ¥2 9¢ 002'7 92'9 %pe-Hz odAr suilugy
u .
— ;.01 x 0656 o0 T 001" ¥8°'G visd 0 hgg = OHENAUOD o
— |,-01x985'1| O 8% 056" $0'S SUCIOTH 0°E = 0O AWE 4
= |01 x6%0°€| %35 02 008" $2'® 1:0'9 = J4/0
— |;-01X6L0°§| Ot 6 009° Si'e 1 =a/x
— |¢-01 %6591 9¢ Z 00%* rAGk4 ‘urgez'g =d
— |¢-01%¥€92'% | 0 0 C 0 ‘ureez's = X
(33E=37/™d) um\mm ?:.:;o (35D) a/u ?,_% siajowexed ALqroey
b

(uonjtulyog swinyd, 189 ] Iuowadurdwy uoneaeday/191800g sotweudq [BI9UvD % JJIL]

¥l 214qe L

l"]]iiiiiiill]‘ll-




I.MSC-1iREC D225839

oy e s a——

Mo omem et peen g e T T VT :

— |g-0T ¥ ¥6L'2| Lf LE 0s¢€°1 s21°L

|01 ¥ 9L¥"6| 2 9¢ 002'1 92°9 %¢~He :9dAg surluy

——— [ ot x 6| o s¢ 001°1 $8'G eisd grpzg = ORENAWO 4l o
]
<

T |01 %6856°T| 0 82 066" $0'S SUOIDTN 0°g = T TRy

T |5,-01 X s02°¢ 14 02 ocs’ ALY 1'0'9 =4/0

—— |;-01X5L0°s] 0¢ 4 009’ sU¢ I =qaq/x

— |¢-01 X0l 1| 9¢ 2 00%° 212 ‘ur g6z's =

—— |01 % Le2E} 0 0 0 0 'ur 862°s = X

(295-, /Mg unw_\mnm A.EEV@ (d5p) a/u A.cmv sasjoweaeq Ljiqioe g
b

(uorjtutya@ swinid) 382 1uswajurduwig coﬁmpmmmm\uoumoom sotweudqg reI2udD) 9% ¢ JIHI

Sl

SICEN




4

\\.- - ’ ‘ ) . -

o : HWS,. . J_,_,,g.w& i ,d&uw_mﬁ..,,, wgﬂgx..v —f..,‘/»” n..‘Ax“. Ve o o, 1t gy W v LB b7 loasy PECTRT T O EOl AN S R w._avif - v
« 0
i
¢
o
[\a}
0
i
~N
[
o]
O
{2
aq
T
O
%)
=
|
—— m-S X l6v'e LE Le 0se’1 S21°L
™ [-01 X 1£8°6 | #2 9€ 002°1 929 %g-Hz PdAL surBuy
o~
~——— | 0tx6001| 0 S€ 001°T ¥8'S eisd 1°ggg = OPEMAMOd 41~
<
——— .0UX 6951 | 0 82 056’ R SUCIIIN 0'F = o TAMBy
T 01 X 182°€ | PS 02 008" ¥'d 1:09 =43/0
T 01 X2¥8% | o€ 6 009° S1'¢ | 1 =4a/x
T 01X 9GL°1 9¢ 2 00%" 21°2 ‘ur g86g's = d
N-oﬁ X 1ve'¢ 0 0 0 0 ‘ut g62°s = X
595-_35/Mmd) 5.0 @y T{Espy (*ur) gi9joweIe
. ! d L1108
< d/.d 2 a/xy 3 toeg
(uonturyag swin(g) 31891 uswedurdur] aoﬁm.umamm\usmoom sotweudg a9uaD) %¢ JId]
91 @219e L
O T T T W S WL U R S T T R I X
Y ' A 5 PR ES PR . TN AL ¥ 5 < YT} | T ! . v Sl : ; % 3 ~idv



.
14

LLMSC-HREC D225839

P _..,;o\ ..a_ B . ‘ \
“ * a Y . ,
G - T v HA T e s Hsaout " A M N R o
L4
w f
|
;AM o
!
e ot x2sre| Le Le 05€° 1 521°L
——— |g-0txvL6'z| w2 | 9¢ 002'1 929 %he-Hz :edAg eurdug
. ] . . | d o _ uowsSNqWod
———— |01 x0¢0°1| 0 S¢ 001'T $8'S e1sd 219 = d
| S " uaruIe
T 0T X LT 0 8¢ 0Gé’ %0'G SUOIOTN 0% = 1 o d
-— L 0T X 96¢°2 | ¥9 0?2 008" Yy 1°0'9 =J/0
——— [o1x9zs's i o0 | 6 009" STE 1 =a/x
—_— (0T x2S g€ z 00%" 21°2 'urge’s = d
-
— [|-01.xs€9°z| 0O 0 0 0 ‘ur gee's X
[ ' ' 4+
.ﬁwmm,..ma\ae ,um\mm (et [{39p) a/u A.ﬂmv saojowreaed £Ar[roeyg
, 0
b 1

{UOTITUIJ O] dWINId) 389 ], 1uawadurdwi] .o13ea onW\uoumoom eoTweulq [e3ouan) ¢¢ JAG]

LT *qe L

A-20




LMSC-HREC Dz2583¢

® e om

(RELE7Al
h

g-01 ¥ 959'9| o€
p-Ol X 6ET'T| 8¥
y-01 ¥ cE¥°2| 21
y-01 ¥ 692°¢| O
y-01 ¥ LL6°9) 21

O 5%
¢-01 ¥ ¥69°2| 0€

N..E X $00°1| O

- - B e I e i ]

Lt
£t
L2
£e
L1
Nl
S

0

e o v -

TluenTuT O swinid

—_— !.-....s S
oLt sLe’6 juerestnbyg  :9dAg eupBuy
225°1 €90'8 o sorseng wos
862°T 5189 vied yises = d
891°1 061°9 sucIdIN 0'§ = orid
b6’ 00°S 1:0'9 = 4/0
80L° SL°€ 2 =a/x
18%' 65'2 'u} 8629 = a
0 0 ‘Ul 965°01 = X

:,Iﬂ\z A.cmv T T eietawvaeg Artong
) 1wa ], wattafuidw] uonivaudag /1218004 8O1WRUAQ [Ea9UdN %¢ .61
J

St e —— e T T -

81

~—a QN NN WY NS EE e P e s e

o !

omel Gwwwl  fvewed e pewsi e sl el

|

A-21

t\d

]

vy =




PR . ) y '

L T I sene T et K B o N AT b

T

e g P e pea ey puen MR

—  |g-01 ¥ 21€°9 | o¢ LE oLL't SLE'6 sorenynbg  iedAL supBurg
—  |p-01 %90€°T| 8% | €€ 225’1 €90°8 wiod gy HOTNRAWOD N
—  |p.0rxc82'27| 2t | 2z | 8621 5489 <
—  |y-01 X 280°¢| oOf €z | 891°1 061°9 suordpN 0y =
— |01 X ¥99°5} 21 L1 Py6’ 00°S tie'9 =d/0
—  |g-01xze'r| sy | o1 [ sou’ §L°¢ ¢ =a/x

m.m —  |-01 ¥ 910°¢] of g 189 $6°2 ‘up goz's < Q@

m_ —  |¢-01 X 226°6] 0 0 0 0 , ‘Ul 965°01 = X

m ,ﬁu.,.w.,.mw.ww:._.ﬁzi....,mm.\..oﬂm,ai__ajdmv T a/u A.c% srajaurtang Arrovg

¢ [T TTUenITuUT A awinig) 8e g, wuoiafutdwl] UotiRa v 2 /121800 $OTWIRUAC [RI9UID) %¢ JJ]

~
~
N

ceteort w e v vemmer yeeer cvew o

O1 2lqe L

IJ ‘\.l
'
1
i
{
M
!
]
b
|
'
i
1
1
i

L]
!




25839

D
=

LMSC-HREC D:

b

— g-01 X €096 o€ Le | oLt SLE'6
juajeAinby edAp supSumy
— p-01 X 68¥°1| 8% €e | zzs't €90°8 Q
e18d 9°299 - :03-350um \
— |y-01 xss0%¢| 2 L | 862°1 R <
e
—  |p-0U xc09'¢|l o€ | €2 | 891'1 061°9 suotopn gs = MR,
— p-01 X €58°L| 21 L1 | vee’ 00's 1’0’9 =a/o
—  |e-01 %X¥8¥ 1| s¥ | or | soL SL'€ ¢ =a/X
—  |¢-01%861%¢| o€ | s | 18%’ §55°2 vrgeT's =a
— ¢-01 X ¥9L°6( 0 0 0 0 ‘ur 965701 < X
Adu.u...:mqugg unm\mm (ayaay es ey a/u A._mv sI13jawereg A1j11oeg
0

(UoTITut a¢r aWIn{g) 189 ], ustuafurdwi] uoties vdag /aajmood sorweudqg (eaausn %e 3491

i st w we et - mema——— e

TS em w e e wr e

07 o1qe L

) gl




-

LMSC-HREC D225839

m-g X 981" 4 o¢ LE oLL'T GLE' 6
v..o~ X ¢L0'1 8¢ 197 2’1 €90'8 juatesrinby 9dAy asurSugmy
R uoTIsNqUIOd
v-o~ X [¥6'? rAl L2 8621 cL8'9 e1sd p'gHg = nem d
[ juatquie
v.o~ X $¥86° 7 0t 1 %4 8911 061'9 SUOIdIN 2°G = 1 d
.Il v..oﬁ X $9%°9 21 L1 vv6’ 00°'sg ['0°'9 = h\O
c-00%99¢7 1 sy | ol 80L’ SL'E 2 =4a/Xx
- (0L X61bEg 0e| S 18p° 55’2 'ut gz's = d
| N-cﬁ X 101 o] 0 0 0 ‘ur 966°01 = X
;.x,.....mu..ﬂu.gaﬂ.m. u&\o_& a.:_?;o (TapY a/y A.fmv saajaweseq AjIIoe g
b _r

{uonitutyagr awngg) 1891 1u?

e ———t et S TR TR Y W W W e MEEE % aen e - e i e e §

ursfutdwy uojiea ﬁaom.\m...;aoom. sOJweuAQ [eaauan 9%¢ J39I1

[2 919e.L

A-24




\3;-

Lhha Aok

P L AT . , e

o
(M)
©
wn
N
Q
Q
5
Z
m .

judteanby :odfyp eupursy

e1ed g'1L9 = =o$-3Eoonm

—= | g-01%90s2| o0 o€ 0zZ¥'1 ) TUOIDIN 0'p = 1Ty

——— | ¢-01 X L¥9°¢| 21 L oLy’ 84’2 1:0'9 =Jd/0

—_—— m-od X €099 8y ) oee’ SL'1 ¢ =a/Xx

—— m-o~ X 6€£8°9 o€ 2 oy’ §2'1 ‘'urgez’s =d

o 0 0 0 0 ‘ur 9650l = X

Auuu..mdw_:m“ manm.m {(TuTay [(85P) Q\m.\ - a.c% si9joweaed A3ITIoe g
b 0
(uonituyreg sEan 189 L u:o..:n.m:arcu uoriea maum\uo;oom sotweud (g texauan ¢ JJ41

-

22 2l4yel

y

\

A-25




LMSC-HREC D225839

.-y

pom——

]

juateainby edAy suiBury

eied 0'ggg = LONINAWO,

01 %886 0 o€ 0¥ 1 0s°L suozomn og = USTAWE

01 X 8088 2 L oL’ 8b' 2 1:0'9 = Jd/0

wuc.n X £€69°9 8% € oge’ sL't ? =a/x

m..0~ X 686°'8 o¢ (4 0¥’ §2°1 ‘ut gez's = d

no 0 0 0 0 ‘Ut 96501 = X
.uJMm"M ‘uiwl) 1 (dap) a/xu A.cmv sxajoweaeg A3I[I1ovy

(Uontulyo swnid) 189 wdwaduidw] uoneasedag /1915009 sojeudQ [ea9usD %¢ J4d]

£z 21qe L

cav

Crirae 4. wa

ke LR . RV I ¥

A-26




- ' ' .- - LR BTSN . -

LMSC-HREC D225839

- P S Y
; — .
— |01 %959'91 0f | L | oLL'T SLE'6
%E - AZ odA g surBury
—  |p-orxzt9cr| 8y [ €€ | zege £€90°8 ~
e _ uonsnquiod !
— .ot xete'y| 21 | L2 | 86z 5189 Frec o78es a1 <
—  |p-01 X 996's | o€ €z | 891°1 061°9 suoIoIN €' = T orAMEg
—  |e-01 x€92°1| 2 Ll | vve 00°S 1:0'9 = J4/0
—  |e-0t xwgze| sv | o1 |soL L€ 2 =da/x
— o og | s 18%° 55°2 ‘Ul g62's =da
—  |e-01 X 2501 0 o | o 0 'UF 965°01 = X
34/ M€) um\o.nm a.fﬁvm (837]) a/e A.ﬂmv saajoweaed L(1oe g
b
(uontutjag swinig) 189 ] uswadurdwy uotiededag /1918009 sotwWeuLq [€23UdD) %¢ JIF]

p2 21qelL

. ol et b bam’ bomear beewn’ bl beveeed fewwsi Dwend bened

LRy P — [ —] e L natd L)




[LMSC -HHREC D2.5839

b

- g-01 X% 6S1°L| O¢€ LE oLL't SLE
%€ - AZ 19dAy surBury
- p-01 % ves'r| 8¥ 1% 2es’1 €90°8 worenquu
eted 2° = HOons °3 .
—  |p-otxsicw| 21 | ez | ezt 5.8°9 oc 27695 “
. jusrque
- $-01 % pss's| oO¢ 1 X4 891°1 061°9 SUOIDIN G°S = d
- m..o._ x9p2'1| 21 L1 i44°Y 00°s 0’9 =Jd/0
- ¢-01 % 91L'2| S¥ 01 80L" SL'E 2 =a/X
- no (133 S 18%° €5°e ‘Ut ge2°s =d
- g-01 ¥ L81°¢| O 0 0 0 ‘Ut 965°01 = X
i‘ﬂm-u:\:“mv unm\n..m A.E&%o LE1D) a/x A.,mv s132idwereg Ajrproeg

(uonitutyaq awinid) 189], EoEcm:ﬁEH coﬁmpaaom\uoumoom sotweuig 1eI9Udn) Y ¢ J.d1

§¢ 219e L

e

s,




LMSC-HREC D225839

-— m-o~ X 605°2 0¢ LE 0LL'T cle’b

%e - AZ :odAp surfuyg

— w-g X PPL'1 234 (%) 2258°1 £90°8 o

eted 6815 = :oﬁnBEOU& N

—_— T.S_ X 098°'¢ 21 L2 862°1 SL8°9 <

judlquie

— ¢..o._ X9L1'9 (113 14 891°1 061°9 SUOJIDTIN 0°S = d
——— m..g X991°1 21 L1 1448 00°s 1:0°9 = .m\O
—_— ¢-01 ¥ 925°¢| s¥ 01 8oL’ SL'E Zz =4a/x
— no 0¢ S 18¥%° §6°2 "ut 862°S =Q
ﬂ-E x¢s78'21 O 0 0 0 ‘Ut 96501 = X
A..ﬂud-NC\:“mv um\n..m ("ata) [{8e7]) (*ur) s1u34 _.cﬂu..“m.wun«:umh T

3 a/y d

(uonjulyaq swn(d) 1831 wawaBurdwiy uoneaedag/a91sood sortuealq [easuan o¢ J 491

b

97 ?lqe L

T W N M ma et e brow bl el bl bewl  beed  bmesl el et Bueel el el

i . ‘ . § ‘ Cs . e R T . &




s an R worn S oo S s T o S s B e S e
%E-A2 ‘9dA] eurBusgy
eisd g'pgg = =3:3.hoonm
SUOIDIVA 9°C = ucoﬁ.hmm
o 0 0€ 02v°1 0s'L 1'°0'9 =Jd/0
T | ¢-01 X 8€L79 21 L oLy B8¥° 2 ? =a/x
- m-o.ﬂ X Llee'e o€ Z oy g2l ‘Ut g6z's =d
e e 0 0 0 0 'ur 965701 = X
N} FA1] 3 _ 0 atax) ({ge ‘uy
(538~ 37/™d] a/%a { goﬁ P) a/u { ”% sIdjowere d L1dey
b

LMSC-HREC D225839

(uonturyeg awinid) 385 usawadurdw] uoneaedag/123800g 8OTWRUAQ [€23UdD %¢ JJIH]

—p— e

A-30

L2 dlqer




l.l. . \i oo vy T A AR IR N R R NEAER W SIW AR RIS

o
o
2 _ w
79}
(o ]
N
a
O
Y]
(-4
X
& .
2
%e-Az ‘odAy eurBuxy | _
o
]
ered 6'06g = P AMOd4) <
mwo.«uﬁz 0y = uc_ozcuonw
— | -0t x9s2°¢| 0 € A2 0s°L 1:0'9 = J/0
— | (01 x20L% 2l L Ly 8% 2 z =a/x
——— | .ot x9te’e|  of z | sz szl ‘ur g62z’s =d
—_— Mo 0 0 0 0 'ut 966°01 T X
RIVACE wm\mm ("uia) | [35P) a/s A..mv savjowezedg L31[roe g
0
b
[Uonituyaq awinig) 3891 usuadurdwi] uonjeaedag /1318009 sotweulq 1easudD %¢ JI9]
82 2198l
A L Lt e bt b biwi bewd  bwied  Mori bt bewel et el BN




LM3C-HREC D225839

’

PR - 3PN . DS VS VA VRO USSP s
veern, T | - pr— ‘Rll.s!.. _tj ﬂﬂ_ﬂla 3 ATy Rvag i | vﬁ ﬂﬂqwtu g b M_HI”._
- -01 X 6S0°L| oOFf Le 0LL T GLE'6
o) - Hz :9dAg auiBu:y
— §-01 X LS2°T| 8% | €€ 228’1 £90°8
uoIsNqUIOD
de’ =
—  |p-01x682'2| 21 | Lz | 862°T 5.8°9 e1ec 6°519 d
jualqUIe
—  |p-0T1 X808 0€ | €2 891°1 061°9 suozoIN 05 =1 orv o
— 5-0T X T1L°2| 21 | L1 96" 00°S 10’9 =Jd/o
—  |p-01x€299| s¥ | o1 | sou L€ e =a/x
— g-0T X LL9°'T| oO¢ ] 18%° 66°e ‘u1862°S = d
i g-01 ¥ €€6°2)| 0 0 0 0 ‘ut 969 VI =X
du.m-mq\:umv um\nﬂm (Futaa)[{39p) a/u (*ur) sa9jowreseq ArpIoeg
b 9 d |
{uontutjag swunig) 189 juswefurdwy coﬁmumnom\uouuoom sotweui( reasuan o¢ J491
62 ®19eL

e W e el e i -y

A-32




LMSC-HREC D225839

et

LT __ -
PO SO .»-.:E,.,,.:. ,.1.._?1.;:1.. PP .A.?i....w!%»:?:. ety e e e
i ' ab,
o | -
, . if .
Oma—— ;Yw_ N ——
{ ) 1
| . 5 ‘:.L
Ay ! " v
Y Al H
—  [¢-01 *¥209°9| o€ [ £ | 0T SLE°6 _ : |
' og - Hz - iedAy suiSumy
— |0t xrsrcr| ey | ee | wes't £€90°8 - -
' y : UoRENGUICD |
ed 2° =
— |t xeste| z |tz | 86z 518°9 sred ey d
; juarqur
—  |s-01x9g8%z} o¢ | ez | 8911 0619 . swoxoywgs = oad
—  |5-01%ST6°2| 2T | LT | Y6 00°s 1:0'9 =Jd/of
—  |,.00 %1589 s¥ | o1 | sou SL'E z =a/x
—  |g-0t %090°2| 0f | S 187° 562 urgag's = d
— |0t xusezf 0 |0 0 0 uly65°01 = X
(EELEs 74500 I PR {85%) a 4 ?mv s1ajauresed Liroed
b e

(uotnitutya(g awIN(J) 1827 ucoEmwﬁ@mﬂEH uotiea mmam\uounocm gotuneui(y [exau’n) Y%¢ J 491

KoYy

Yo

0¢ *iqelL

A-33




g

- - \\“.?.,‘ - TN — .“
r o 2 A e S et B g et N e B e ot S e S o oo cve RS wi S oo B o B
g ‘ \..
I _ _\, ﬂ,i )
\ o
| o%¢ - Hz - :odAyL eurSuxy
—  |g-01 ®x¥s0'9| o€ | 26 | out SL€°6 oTenquIos - &
. , . . 218d 2°%g9 =. vl <
— 5-01 ¥ 82€°2| 21 | L2 862°1 SL8'Y L
oo L JuldrqQuuUe
- 5-01 X €20°2| o0€ | €2 891°1 061°9 SUOINN §°5 - T di .
— |p-01 X €98°%] 20 | A1 v¥6° 00°§ 09 =d/0
—_ $-01 ¥ 619°L| s¥ | o1 . 8oL SL'€E A a/x
o v M
2 —  |g-0Tx688°1| o€ | § 18%° §5°2 | ‘upgee's Q@
~N . o \fo . =
N —_— ¢-01 X 2L0°¢| 0 o | o 0 o . urgegtol. = X
C [}
5 I [EEEERE VA=) >3 A (FaTay [{F9p) a/u (rur siajpwered fioey , )
m b v B¢ ‘ »
M.b.u Acﬁﬁcﬁmﬁ SUIn(d) 1891 uswaFutdw] uonjeaedag /1e1800d soTWRUAQ [BIVUID Y%¢ IIG]
2 | |

1€ "198L

b " T R AR e i g, - ‘g P8 b RN S YN
R R i [ g p s -
.- L o : % ¢
' o * ki




LMSC-HREC D2258392

o ——

%g~HZ :0dAr eupsr
vied 5'468 = :2:3500&
x v * L L

v..ou 9¢8' [ 0 0¢ 0y’ 08’4 PUOIOIN 27 = EoEEanﬁ

m..cﬁ Xxgze'l (4 L oLy’ 8¥°' 2
1:0'9 = Jd/0
m.o~ x g8t 8% £ oee’ gL't ¢ =a/x
m..o~ X 620'2 0¢ [/ oy s2'1 Uy 862°S =Q
m..n: X 286'2 0 0 0 0 ‘up 9650t = X

um\&.m a.fgo {(30p] a/y A.cmv sadjewrvawg Aoy

{Uohifuityag awindg) 100y yiawtaBuida] uotjug ¥dog /101000 sojuivuig [vaRUID %€ JSG]

-

/

e 2qey

A-35




LMSC-HREC D225839

ﬂ..;.;:;

pommmrays
1 '

o + i

o ¥ -~

%e-HZ :0dAr euySusy

ued L1109 = ORENAWOd,

— |,.01x9z.1] o o€ 0Zy'1 0s°L SUALIN 0'G = FUCTRWE
T [ 01 x 6011 21 L oLy’ 8% c 1:0°9 = I/0
T [ 0T X 62H L] 8Y € oee’ gL'l ¢ =Qa/X
T | g0l X 6N 0€ (4 ove ge'r ‘arge2's = d
_— n.o_ X £9%°2 0 0 0 0 ‘Ut 965°01 = X

élﬁ\mm ?c_c.ao (LEID) a/u A.rmv Ba0IdWIRIRY AI[100 g
(UonituTJaQ swiniy) 189 ], uawioBuidw] cs:ﬁamom\uu:oom 8OojWeuAQ (vIQUeD %¢ JIg]

ge 2rqu],

A-36




G

AL ]

i

LLMSC-HREC D225839

weteainby teddyr eujSusxg

A-37

—  |,-00 x9€°8f 9€ | v | o¥z'¥ s¥'22 worsenqu0s
—  |g-01 trotie| ¥z | 8e | oree 0s°L1 vied LivOL = d
—  |g-0tx99s'8] o | sz | ove'2 ge'21 suoIdN 0 = Pt
—  |p.0U xgLy'e| b2 | 8T | 9t¥': 0S'L | 1:0°9 = 4/0
—  |p-01 xL19's| ¥S | €1 | s¥6’ 00's y =a/x
—  je.0Ux991°2| ¥S | 8 2Ly 05°2 Ut gez’s =4
— ¢-01 X 891°21 0 0 0 0 UFeeriz = X
AW.Jn.ucwfﬂ um\o.m A...:c.acﬁuovy a/x A.ﬁmw - sadlswered 3:3«&!«
b 4

1 -

WD B Pemem  peeem  paeme, huwret beeri dewesi hevni bewerd bewd  bemadl bned Betd beew el R AR R

1

=

o e rwre - wmrem

3

R L L L R L TSR

TUoITUTJ a¢] aWin]g) 380 usuiadutdwy uonies cmom\uu:oom sOotuIeuA( [Raaudn %e J3G1

e 2qe L

>

. TS

e T

—— 20

s S WY

7

3 %

s
P 5
N

L AT

Do et



[.LAM(SC-HREC D22£1329

b

e ]

jueteanby  :9d4y ouyBury
- o..o~ X 6€9°1| 9¢ 184 ove'y §¥'22 dopIenquI0D
— 9.0l X 825°L| ¥2 g€ | 0T€'€ 05°LI eied 9'1ps = d
- g-01 ¥ 685°L) 0 se | owe'e T4 BUOIDIN 0°F = JToTAME 4
- w-g Xsgb'e| ve 81 91%°1 06°L 1:0'9 =4/0
— p-01 X 1ST1°9| S €1 | swe’ 00°S vy =a/x
— m..o— X 2e1°'2| ¥S 8 Wy’ 06°2 ‘Ut 862°S =qQ
- m-oﬁxm:.m 0 0 0 0 ‘ureetrtltz = X

(537177 T7) um\o_m a.EEvkooE a/u A.cm: s1siawieieg ANlI0eq

?c:.:.r_w.?é WD) 189 ] WowlaguydwWy] uotivg mn_m.m\.;;oom sotweulg waauan ¢ JJI91

¢ Aqel

—— - -

A-38




LMSC-HREC D225839

! .o&.l .
, ¢ - (WD Ak e . Bda ol LA i . rory ?
jusjeanby :2dA ] suiBuy
— g-01 X OL¥'T| 9¢ v | ova'y S%°'22 enquto
_ uoisnquiod
_ Yo vz g¢ | ote'e 0§°L1 ered Liz6s = d
. jusque
— g-01 ¥ €5L°L| 0 62 ove'e 8€°21 BUCIDOIN G°2 = d
-— p-01 X 882°€| 2 81 | 91¥( 05 *L 109 =d/0
—_ 5.0l X 650°p| ¥S €1 | sve° 00°s p =a/X
— ¢-01 X 6¥eE'2| ¥ 8 Ly 05'2 ‘Ut 8672°S =d
—_— ¢-01 ¥ 662°'2| o 0 0 0 ‘up getltrez = X
BOF - ;) ; 3 ;] .
168 S/ unm\o_nu mlEEvOA 3P) a/x ( amv gaoiswered Liqoey
b

[rent.

[eeeeps

{uentutyag awni ) 189 |, Juswragutduwy] noyjesedag /131800F sdIWRUAQ [RIUID %¢ JAH]

9¢ 4R.L

' « i f

[T o e e [y . [l

L]

vl ws e SER GBS e

A-39




LMSC-HREC D225839

SR — e P e ey s sy e e e UM U T
1 aseyd *
juateanbsy 9dAy euilus
— 0T xps'1| 0 12 052°% 0522 .
9 esd ¢0gg = uoTIeNquIod
— g-01 % L5'S| 9€ 8¢ 01€'E 06°2L1 €'0es
usatquu e
— 0T x6¥9| € 62 291°2 TRe uoadYN 0'1 = oty
— p-01 X ¥6°2| S¢ 81 91%°1 05°L 1:0'9 = 4/0
— c-0TXp0' 1] € €1 Sp6’ 00°s v =QaqQ/X
— 01 X929 6 Ly 05'2 ‘Ut 862°'s = G
— g-OT¥eTL| o 0 0 0 'ul 8€2°12 = X
) Uy ® o -
a/%d (*uy vo P a/u ( ,% saajawerey Aoy

(uoTatuTjeg atuntg) 189, suoiadurdw] uoy L vdog /1a1800g souttueudq [BI3UID) Y%e 4]

, LE @1aTL

4 .
CEMFEAPY

e

A-40




LMSC-HREC D225839

.~ \11& .
4
I oseyd ,
usreanby PdAL durdu -
g°2 —_— oz | ov S6¥°c 515°81 justeaInbd g
_ uoSnquiod <
ersd 0°'p0C = d .
— o1 xsz9'c| o | 1€ 9L5°2 SHY°ET rec 0°%0
g~ , _ juarquue
_ -0l X 6LE°V| 0F | BT 10%°1 12v°L SUCIDIN 0°€ = d
—_— p-01 % G06°L| 6§ | ¥1 900°1 82¢°S 1:0°9 = &/0
—_— -0 ¥ Gg22'2| 0s | Of £65° vU€ p = a/xX
— (01 X 266°€| 9E | S 2o0¢” 09°1 ‘ut 862°s = d
—_ ¢-01 X 505°F) 0 0 0 0 ‘ut €7°12 = X
«.rﬁu.mw.md\ﬂmv um\o_& «wﬁc.qo (89p]) a/e «..c% sasldwereyg Aprioeg
- 2

B

)
]
)

(Uonutjag owin(g) 1531 wowaiurdu :o:.._.i..m..uw\uoumoom sotuIRUA( [eaaudn) %¢ J31a1 !

‘llll""lll‘il"'l'

 Jokely

L8E °19eL

e

v edit e
N§§..l:

.,r;r?,.f/,.: L TN A O 5 S, elsfosa v, e B



LMSC-HREC D225839

o VAR
et S e A A arat N At amantEENEN Ml rere SRS S e e A et S e
1 ommxm*
%¢ = Az adAg eurlugmy
9¢°y 02 o¥ S6%°¢ s1s°'81 3
Uo1ISNqUUOD :
ersd g° =
—  |.0txsoz's| o | 1€ 9252 §¥9°¢€1 rec grLss d| <
. . . . jusrquue
— v.oa X gee’y ot 81 10%°1 12¥°L BUOJIDI 0°G = d
o w..o~ X LS6°L Ss b1 900°1 82€°S 1:0°% = Jd/0
—— _0-2 X 091°2 0s 01 €66° plr'e v =a/x
— m-o~ X $06°C 9¢ ] coe’ 09°1 ‘ur 862°s = a4
— m-oﬁ X 8€0°¢ 0 0 0 0 ‘ur geztie = X
mm\o_m nqc::vm,..ﬁ.woz a/u A...mv sasjoweang >:..m... e
1 .

(uonituizoqg aungg) 189, uowodurduag :oﬁ_._.ﬂ:aum.\.gﬂm.oom sotueudg (2aoudn e JIY1

.,om JlqelL




! vy { ) .t,&. AR P L . [ITY: 1 la @ - :
o
(22
©
V3]
N
[
A
O
&3]
o]
o
2 _
w I eseud
%e-Az dAg suiSuy
—_— _w-S X 6£9°1 9¢ 187 0¥Z ¥ S§H° 22 worenquIos .m
. eisd ¢° = d
— no ve | se | oree 05°L1 649 <
. juarquue
—_ p-0T ¥ SPI°T 0 G2 o¥¢ ‘2 8E°CI BUOIDIN 2°6 = d
—_ mo be 81 91%'1 0s°L 1:0'9 = d/0
— p-01 X S¥P'L 96 el she’ 00°g y =a/X
—_— ¢..o~ X ¥25°6 14°) 8 (4548 0s'¢ ‘ut 862°S =d
— m..oﬁ X 169°2 0 0 0 0 ‘ur 2ol = X
Al.ﬂ«.n..mz\:umv unm\n..nm (Ut (53] a/¥ (*uy) saajowreaeg Ljqoey
0 ¥
b
[Uonitutjog swin(d) 189J, uswedurdwy uotseas edag/131800¢ sotweuAqg [2a3UdD) %¢ JAG]
—— b — —

. OF 2198l

- W N EN e Ee e e G A B ) O R e e

%7

. PRI “ V. ' L ' y y
g Conbad, ol aEE L Yk dd e 0ot W . =




by

139

LMSC-HREC D¢

\i.{cc

T : C : t
, 4 * . " ._ -
B ony NN oros N bt B Phon s TN St A 10 AR rovn st SN et S o~ S st SR b G~ estl N eume A so ot
Ieseud,
%e-A7 9dAL supBug
— 9-01%x989°1[ 9¢ [ 1¥ 0¥2°¥ sv'ee -
eisd ‘g9 = uonENquIed . s
- g-01 X 8L1°T} %2 | 8¢ ot1e’e 0%°LT et <
—  |g.orxwuel o | sz | ovez 8¢ 21 SUCIOPN G'5 = 1 rAHE,
— o vz | 81 | 9131 05 L 1:0'9 = 31/0
_— p-01 X 6¥L°9| ¥5 | €7 S¥6 00°S ¥ =qa/x
-— ¢-01 X 821°1 %5 | 8 2Ly 05°2 ‘ur 867°s = Q
— ¢-01 %X 089°€l 0 0 0 0 ‘ur 261°12 = X
z.u..um-md_\d;nv urm\mm Cutaay [(35p) Q\.m (*ur) sa9iswurred A1[ioeyg
¥
b 0

{uotitulyag owinig) 1891 uaswadurdwy cotﬁumaom\umumoom SOTWRUA(] TRI3U3) %¢ JIT]

|

. 17 P14RL




e

. . . 4
- \ - .

-l . . . R

RS , .

A * CUEOFRAN R AREREIRG, ¥ L MRS A ,.,.,«g},ﬁ%ﬁ%@ﬁﬁ&écmﬁ%ﬁkﬁ%@x T \ﬁwm«xm;
o
(22}
s -1
~ |
(o0
o)
3!
@
e
=
O
[7>]
=
3 I °seyd,
—  |g-0Tx2IET| 98 | ¥ ove'¥ $¥'22 %E-Az @dAL suiBug
. _ uonsnquiod
—_— no vz | 8¢ | ore's 05°L1 e1sd 5°508 d
.. _jusiquie
- g-01 *¥995°6| 0 62 (1] T4 Be el ‘ SUOIDIN 0°¢ = d
—  |5-01 X609'%| %2 | 81 | 91%'1 052 1:0'9 =d/0
—  |g-01%Xp66'8] ¥s | €1 | s¥6’ 00°s v =a/X
—_ ¢-01 %5201 s | 8 7Ly 052 ‘up gez's =d
— ¢-01 x595°2| 0 o 0 0 ‘ut gel'rz = X
Ju.uw..N.uwwﬂ“mq um\ﬂm Fat@) [(99P) a/x A.emv siajawereg Aioeq
b , )
{uorltutIsg awinidg) 1891 uCUEomlmmeH :oﬁmumamw\umumoom sotweuiq (exauan o¢ J49I1

. 2% oldel

Sl R R A By AR aE T T ST TR O SEE BN ANR R T O WEE e




e =i | e 3 Paaree | g 2]  eandn | [ sanas!

qmenr ot iy ey~ [——— P o (e sty
. o S i I R o YA v

I Omdﬂmﬁ

%¢ - AZ 0dAy euiBuzm

LMSC-HREC D225839

—_— mno 0 |84 0s2°% §°22 ) -
; . _ uoiisnquuod 1
—_ o 9¢ | s8¢ R 05°L1 ered 1°6g9 = 4| <
— no € 6z | 2912 P wozom ¢y = WOy
— g-01X €57 s¢ 81 | 91%'T ) 109 = 1/0
— c-0rx127Y| € €1 SPh6’ 0°y v =a/x
_— m-o~ X 18°'ty 9 6 Ly’ 6’2 | ur gée's = d
— m.o~ X61'%| O 0 0 0 ‘utgeet1z = X
- 19 5. 0 (rurwaj f(sap) (*ur) saojdweseg £j1foe
Nv d/.d 5 a/y g 1oeg
(uonturya@ awinidg) 189 judwourduug :oﬁmgmmuw\uounoom sotweulq reasusn %¢ J49]
. e¥ P19EL X
: !
- S ,..M. - e _..,”.Mv.! e 2 St s T s ,.:a&.i,&?!ﬁ.ua.Vfw.ww:..u.r&n?.ﬁw&%w&%%ﬂﬁ}mgww%w /W



Sy

e . . L
A . b , L _ R .
i . “s.., rvi—y .,ﬂs..«_:,_. i . s - s - -
o~
[\
2 —
w
~N
(]
(o] y .
O 5
E ¥l
o ,
H. \
m .o "1 aseyd
ps R *
3
. %€ - mm i9dAy surSurr
' —— c-oﬂ X 18°2 ] 1% 0sZ’¥ 06°22 ,
\ d coc . wonusnquion
— g-01%99°21 98 | 8¢ 01€°s 0S5°L1 _ ered £°649 d
—_ g01x¥veL| € 62 291°2 oIl UotoTH 0° T = 1 oMdMRy
' — g-CTx66°2| g€ 81 91 05°L 10 = 3/0
— Mv-oﬁ X 20°Q € el S¥6° 00°¢s t = Q\N
— m-o~ X ¥PL°1 9 s LY 05°2 , Ur g6TE = Q
— ¢-01X8%° 1] 0 0 0 0 E ‘01 8€2°17 = X|
U VAR unw\nwnm {"uyar) [ [39p) a/s (ur) - sIdjowrexed Lyfroey
b 8 ¥ ,
(uonituryag swinid) 1vs 1 wawadurdury :oﬂmumaum\puawoom sotweuiqg TRasULN) O)¢ JIT]
" 4% ,ﬂnm.b v
borem b < . : WSRO D e R G Sl eew ORIN

Lo~

A-47




LMSC-HREC D225839

ey . - \.l;
...~‘0 ,\vu '
- ) = VL o - — lH.M....bl ._x:d'..r.l,)r.. [ O, L OO
v promes e peen s e ANt veongt S oottt S Shotot I At VO i ot B i e B At
T : C e
. 1 wm.mzmx.
0% - Hz @d4{g1 suiBuy
— InQ 9¢€ 17 0¥2'¥ S¥°22
wOIISNQUIOD
18d ; = :
— ¥} vz | 8¢ | ore's 05°L1 B18C L7299 d
. . e usquue
—_ $-01 ¥ GL0°T, O €2 0%g’2 8e°21 SUOIDIN §°¢ = d
— §-01 X €027l wv2 | 87 91%°1 0S°L 1:0'9 = JI/0
— 5-0T X LST°6) %5 | €1 56" 00°S ¥y =a/x
— ¢-0T ¥ 15¢'2| ¥s 8 Wy 05°2 ‘UL B62°S =a
—_ ¢-0T X €0T°E| © 0 0 0 ‘ur 261'1e = X
dcm-m&\ﬁumv unm\nwm M.M_.._Eﬂdola a/x A.nmv sxajawravg AITioeq
b 9
A:oﬁ._cﬁvmlcrc n1g) 1891 uwawadurduwg coﬁm.ﬂmmom\umgmoom sotweulq [easuan %€ 491

e

Sy 31qB L

A-48




REC D225839

T
-

LMSC-t

Sk 7

promea v e oe s w e .1-;.\4%

bee - o e .:

LeAK 4 B

Jore

B 7 Yo s AR S e R

e i s -. e — ... ‘,iiii.-
I oseyd
e
. , %e-iiz  19dAy eupduz
no 9¢ | 1% Ove'y “p'2e

e < UOTIINQULOD
MO ve [ 8¢ | oree 05°41 wied 6095 d

‘ . uaTqUIE
p-01 X 6ST'T] 0 §2 ove'e B2 BUOININ 0'9 = 3
Ll X 6LGE | vT | o6 9Pl 0§°L (o9 =d4/0
P01 X LIVY ] ps | €1 SPo’ 00's p =X
g-01 ¥ 2vi'e| ¥ ) AR 0%°2 ‘Ut gees =4
¢-Ul ¥ Pt2'g| 0 0 0 0 Ut 261°12 = X
- ,z\:i o @U_.E..w.ﬂﬁmw 1 a\v._.. A.c% sisipwnItg Adrrovg -

(uonitiac owngg) T8 1 uawaBurduw voriea _“.mum\uc:oom BOTWRUAG [7a0Ud ) %¢ JJ41

ot o t;”:i,i ST - -
! ‘ ! t [ - [

|

1-49

FJM,,

SN - (R e



. ’ ‘ r

. ' , .y e
, , . A i - o s N P ‘e v Co ot mﬁ o ‘a1‘
. n [, FRE SN - - e P = et "o vt ” .
burass _ . _ Coe _ S e S A et T s e at BN cvowos SN v T e jeewy Ul GRS OO

[ T ———— e [ | roSi e ) 7378 vR—Te ey (e w1y — - . e v it v+ o "

I cnu:&* —
1
| }
%E - H2 wdAy oujduy
-— mo 9¢ | 1¥ ovz'y Sy ‘22 o i
visd gr0ps = OPIMAWOI4] T d
- no bz | 8¢ or1e’e 05°LI
. .. . luaquue
- p-01 ¥ 682'1f 0 2 0be’? 9g°2l BUCIVIN %5 = d
— |p-0U X6EUF] YT 4 BT} 911 06'L 1oy = 4/0 X
— |01 X LvuL] ¥S | €1 | §%6° 00§ y =a/X .
Q,
@ — (-Gl ®og2zl ve | 8 2Ly 05'2 ‘upgez's < d |
(Yo
~y . L] -
A ST O] S UV 4 IV I 0 0 ureel'tz = X
S S U NNUNOUURSUNY MU SR N — )
_M [ .uq\z:a ,,m\n“& ("Uya) T{¥% p) a/m A;mv r.apwearng Appioey
g L (uonitutiagg SUNTL) 180 [ IUIU 3 BUTAWT oty rium.\uouncom. SOTWIRUACT [vIQUIY) %e JJACI

o—

e M- s 2 e - —wv=1 e

L oaqu

MSC-
1
1
'
.
L
H
i
i
H
;
i
1
.
i
i
1
N P ———— SO Mg S W



-s._

LMSC-HREC D225839%

Yoo LA 2%/ FEN b, .,?%.,.r»wﬂ\ .\.. ag W
—.Iq —
i
|
! .
|
|4 oudr_.m_o_
%¢ - HZ i9dAL o&unﬂ
8°9 0z | ov s6%°¢€ 51581 -
sted 1° tosnquIod | w
—  Lotrxsza, | o | 1 9L5°2 §¥9°€1 1'oés = I &
— 01 X 7L8°9 0. | 81 10¥°1 172p°L FUCIOF"” 0°E , wonque |
— _01 X 8€9°6 g | ¥l 900°1 87€°S 1309 = J3/0
— _01 %X 200°! 0¢ | O €65 P1°E v = a/x
” — 0T X LpLt 9¢ | § zog’ 09°1 ‘UL g62°S =g
m — L0 %X 2£6°€ 0 0 0 0 ‘u} 8E2’12 = A
LT pALT: : i I G517 0 DAt .
, IVARD Vnd\o_& { E:.Qm (5%) a ( rmv Sa0IPUITIRY AJITIOVT
[ ! ’

-d

: 5 v ! - &« "
(Woniputyag swiniel) 189 ], ottt Turdue o aaow\uu:ocm BOTCIBUAQ [RIIUDD) &HE T ¢TT

e an

v -

e -

o

CTARIIRR

I B e




I.MSC-HREC D225839

o e

# s s

A-52

, e e el e T oottt B ot B o U oot S et
m ————
—_— N0 9 52 05'% 26°€2 .
juateambsr tedAy auilusy
— O 0 52 00'® £2°12 .
uerIsnqUIod
uisd ¢° =
—_— e 0 12 0g°€ 05°L1 18d £°565 d
uo e
— | g0tz | 21 LT c2'6 suoxotw o'g = 1 ori® g
“ — y-OTXLSE'T | S 0t 6€°1 9€ "4 1:0°9 = J/0
—_— y-01%X906°1 | ¥S 9 00°1 0€'S 01 =a/x
m — | p01%EESTE | 0t 3 0s* $9'7 ‘uy §62°'s = d
—— | ,.0mx60%'1 | 0 _ 0 0 0 ut 86°'26 = X
U,, ::..m ::,Um; (.m;\m.»; :~ m."...,cmg_.wma._.,...v . -..-;i&]\smw I A;mv_ RIdjdW caRg Aiton g
L I R ———
m (GaT3TET o SN} 160, JWali 9wy GiUT Houa a&;r\a.:aooﬂ BOTW CUAQ RIS vhe TG
F

W e rt v o e -

e pam

L dlaeL




« A

TP U R TE P  A Yy, . o BN

"

839

5

LMSC-HREC-D22

— | g.0txe9s | 0 S¢ 9L'9 05L°G€ usrestnba odAy ouuz|
— m.o:a:.c; 9¢ 1€ 96°'s 796°1¢ 2ro6s = co:c.ﬁ.:oum M
——— m-oaxoom.d 89 8¢ 06°6 §21°62
—— | (.01¥$9¥"2 | of L7 86" ¥ SLEY2 SUGIOJW (°g = JUoFAME |
— - | g.otxesu7 | 9 57 01 ¥ LEV'E? 1:0°9 = 4/0
> ———— m.odxxsw:u 8 £2 66°'¢ sert1e o1 = a/x
— mo 0 12 ot'e 006°L1 ‘Ut 862°9 = g
_— v.odxmmm._ 0 0 0 0 "1 e6'29 = ¥
_Tﬁﬂ,m "5 13T unm\mmaiq_.ﬂﬁma..ﬁﬂm.odvl Isi.!mmMWlx.lT A.cmv siajoweaedg Aioey

b

e or ey v e § omemaace— w——— o e ® - g smtsm 1

TonTuiyaq uinge) 199 T AW BUTdW] Uotiva mmwm\uo:oom sotwenkq [easuan %¢ JId1

|
|
— - e - @ o - e —— e ey B L

0y 21qe],

tame D Doew mm henn W feew a0 Pamp e AUV UMY OGN BN U0 OO e ‘T aem



LMSC-HREC D225839

PERT Y tm——ye s

_ R S T A e S oot B cvan e B ~oves BN sunutb Y s s oo B st hoton
— m.oﬁxm:w.m ¢ Y4 04’ 20°€?
jusrearnby :9dAy osuiBugy
— m.oaxmmma.m 0 44 00°‘¥ 0212
. _ uopenquiod
— | ..omxesz'8| o0 12 0€'E 05°L1 red LU9€s = d
—— m.o?cmm.m ] 21 GL°1 62°6 SUOID (W O°C = :._0350&
_— w-oaxvmm.m S 0t 6t 1 9¢e°L 1009 = 3/0
— | ,.01xL26°1| S 9 00° 1 0€'s 01 =a/x
—— ¢-o~x~mm.m 0¢ ) 0§’ 69°'c ‘UL 462°S = g
— | 4-01%29¢'2] 0 0 0 0 ur 86°25 = X
[ 5981,7T5%1) 50 aray[(8epy - (*u3) sxajowesw.c L11710€
ut d/.d 5 a/y N S Alioey

(Hontutzar auIn(g)

b .- - P v w mwacn e b ewemr pw o werwy

3 e 4 W e o aeAbI M T

189 ], uawadurdwy uotiea vdag /1218009 sOJWRUA(T TRIRURD) %¢ JJIH]

18 Hqe,f

A-54

S



LMSC-HREC D225839

_— 5-01%162°%| 0 6¢ 9L°'9 06L°S€E sioreapnby todAL ousdug
— g-01%615°8| 9€ Tg 96's 296° 1€ . worenquios |
S— 5.01%200'8| 85 | 87 05°s 52162 med 9'96s = a1 &
— c.01%x888°1| o0t | Lz 86°% SL£'92 BUOIOIN ¢ = oI T
_— g-01¥0¥eE'Z| 9 14 0¥'¥ SeEve? 1:0°9 = 3/0
—_— G-01X¥6¥°% | 8Y €2 66°¢ s21°12 01 = a/Xx
—_ c-01%¥851°L| 0 12 0€°€ 00s°L1 ‘ur 852's =
—_— 5. OTXLIF (| 0 0 0 0 ‘ur 86°2§ = X
Aw.‘..udmwdslﬂmu "3 /54 A.cJ_Eyc {9ap) a/y - _ ?m., s1viawered Aoy
p)

(uontu; A AW ) 18a ] JusWiaBurdw] votiea edog /1918009 satweudq [erauan 9¢ JIHG]

L i - . ———

79 214 L

i

N A X AR R e Aoe awn men e bowl el OMd e G OB W AR

» T NN [T I S Aabhe. L v e N . N v,



LMSC-HREC D225839

ren

s ——

=

ﬁ.'..tt.,l Feay o

[Ty

—_— 0TX8SE'T| 9 | 52 0b'¥ L2'€2 »
%t - AZ ‘odA1 supBugy
— o-01%656°2 | 8| €2 00°¥% L1°12
— IR E AN N I 0€'€ SH°L1 wed gogoL = (ORI
— o 0UREIZ T 0g| € 6°1 62°01 suoadijy ., = JURIAWE
S— L 01X10L° 1| 8¥| 6 05°1 56°L 109 = 4/0
— o ¥s| 9 00°1 0£°S 01 = a/x
— ,.01%929'2 | o € 05" $9°2 ur g62's = @
— L 01X8SH'Z i 0 [ 0 0 0 'ur 86°25 = X
AREE AL um\o_m A.E.&MA.MWE a/u A.:mv sa’joweaed Aqoey .

[ToTITuT Ay auin{dg) 38a], juswaju

H 4] uotiua xamm\.ﬁ:mocm sotweulqg teasuan 9¢ JJII

£S5 IqelL

oy ey

A-56



y P W N R e e W

ﬂu\ﬁl
&
Vgl
~3 - — g - t s —
~
Q
O
Sy
o
oo
Q
wy
b
vlu
— o-oaxmmo.m 0 9¢ 9L°9 oGl st
%€ = A2 9GA1 sarduqg
— o-01%¥969°6 9¢ 1€ 96°'s 295°'1€ . ~
. uorsnquUIod n
—_— g-01%862°9 8s | 82 0SS 521°62 ersd 6°289 = d| <
— | g.om8opt | og| .2 86'% §L£°92 . suosoN o = PUOTAWE
_— m-oﬂxm:\.A 9 K4 ov'¥v LEP'E 1°0°9 = r.H\G
—_— m-OAXNov.m -5 £e 66°¢ g21°12 01 = Q\X
— mo 0 _ 12 0g’e 006°L1 ‘Ut 62°'S=
— @-o.ﬁxoom.m 0 0 0 0 ‘Ul 86°29 = X
Ai...m“.qc\::aill u&\o_nm (Y [{9sp)y fo\m A.c% sasjaweaey A[Ioeq
b | 0 —_—
frT T T (ToTuTiagl Awin{g) 1841 wwowadurdw] uonieredag /191800gd sotweukq [e12udD) %¢ 1441
- - T T Trrmrmmrm e +¢ al4qe L - -

TR mRe: MRS GRS AR IR (e WD T an e b e bl bl Sl ey D e



I.MSC-HREC D225839

- S rmeees e pmes e pem pemn o gm0
— | comxserz| 9 | sz 0b'p L2°€2 %t - Az redAy suBug
x L] [ [ ]
— | g0m961p | 8¥| g2 00'% L1'12 sred 1oqg « GOTPQUIOS
— | c.ox9s9| o | 12 o€'e SHLT
0°'2 = uco.mﬂ&ﬂm
— | ,.otxzBot| ol e 56" 1 62°01
— | ,.0mxset| syl 6 05°1 56°L 11079 = 4/0
— | ,.otxse9'z| 35| 9 00°T 0€"s ot =a/x
— | .oz | osl € 0s* 59'2 ‘ut 862°s = Q
— | okt o | o 0 0 Ut 8625 = X
.h-,n..m-u:\,:z: ul\n_.& A.EEvo [-E19)] a/u A.ﬂmv sxdjauwrered ALityioey

b

(UomiTulj<( awn[d) 189 ] juswogurdwy uonivaedag/aw1800g sotweulq [RI2UdS %¢ J.I9]

<¢

“14e L

A-58



LMSC-HREC D225839

—_ g-01XL2L2 0 S¢ 9L°9 052°S¢
%€ - Az :@dAg surluxy
—_— g-01¥1L5"S 9€ | 1€ 96°g 295°1¢€ . . o
T g-01X€61'% | 85| 82 05°S SZ1'62 ersd 9699 = "o A0y | 4
— G-OTXTTL"T oe| 2 86'% SLE'9T SUCIDIN ('€ = JUPTAME
— g-01X81H'1 9 62 0%°% LEV €T - 10°9 = 3/0
— g 01x28¥’¢ 8y | €2 66°¢€ S21°12 0t = a/x
- mo 0 12 0€°€ 006°L1 'ut 862°S =
—_— 5.0 1X8EH°2 0 0 0 0 . 't 86°25 = X
x?;.w.uw;}:mg um\mm .:E.ao [959) a4 A.cm: PRSP S —— -

Tl«ll b

{uonituty 37 pwntg) 189 ], wawaFurdwy uotieaedag /151500g sdtweukqg [2aaudD % J4d]

95 214e L

S SN AR TER A R N N R R WY D e W M e aE e e



1 ——— sanes

L.

, : = S e S ST S eergg S s T T
m-cﬁxomn\.m X4 0S¥ 26°¢e?
| %¢ ~ HZ :2d4&; auilury
m-oﬁxmoq.m i L4 00y €2°1¢
wrad ;- . Jomsnquiod
5-01%652°T 1z 0g°s 05°LT L’819 <
. jusquue
5-0TX6€0°2 21 L1 52°¢ SUOIDIW 0°G = * atg
5-01%¥609°¢ 01 €€ 9€' 1309 = 3/0
3-01%28E°2 9 o't 0€°S 01 = a/x
w-oywcw@.m € 0¢* §9°2 UT 862°S = Qg
5-01X€99°2 0 0 0 ‘Ul 86°2§ = X
,uom-mﬁ\:.‘ um\mn.... Ty (9op < M A.cmv 1915 meseg AN{100.
G

= T

(voniiurjag swun(g) s

T
25

U rlsadutduag

-
uotniexed

wm..\.ﬂg.m.m.om soywmeulg Teasuan ¢ 1497

LLMSC-HREC D225839

Leolqer

R .

A-50




LMSC-HREC D225839

b

- 1m0 0 s¢ L9 05L°3€
%€ - HZ :adAy auiBusg
—_ G- OT¥6EL'T 9¢ | 1€ 96°¢ 295°1¢ =
— o OTR6ES T 8s | 82 0S°s §21°62 wsd yrgLe = ORIy 1 4
— c.o1xe8s'z | og| L2 86°% 5L€°97 suoorpy 2'¢ = UoreMEg
— c-0T%8EY’E 9 62 (1} 284 LED €T 1:0°9 = 3/0
_— - 0T%¥LSL"9 8% | €2 66°¢ szZ1°12 - or=a/x
—_— no 0 12 0€'€ 005°LT 8675 = a
— 5-01%900°2 0 0 0 0 Ut 86°26= X
A.w.vm-m‘:\:..mg unm\o_nm a.:ﬁ.rv&oammg a/u A.:mv sisjaweaeg A1jroeg

(uonturjag awnid) 1821 juswiadurdwy uotiesedag/a21s00d sotwrudqg [2a9uan ,¢ JJG]I

85 2l L

hmm mes e e Bl A SN SR DAY TS UER O e
:%..4&@33&%@\ A S AN

~

o

¢

5
¢ *

ITEN B



LMSC-HREC D225839

e ey

U

A-52

cumgell b \
7 A - *
“ ' A 4 “~ '
r— e e (e ey pesn (e e ey oo iy S Gronn S Gl
i
— G-01X699'% | 9 | 62 05°¥% 26°52
%¢ -~ Hr adAy suiSuy
-— otxes | o | w2 00°% €2°12
ver ., . UOTISTQUIOD
—_ omx0s8| 0 | 12 0€°€ 0e°L1 wrsd Loge = d
- S OTX6FL | § | 2 LT 52°€ sucaoTiy G°g = TURNAWR 4
— mo s | ot 6€°1 9€°L 1:0'9 : 4/0
— L0782 [ ¥s| 9 00°1 0€"s ot = a/x
— ,01%610°€ | o€ | € 05’ $9°2 ur 62’5 =
— | .09z 0 | o 0 0 ‘utr 86°25 = X
|
(EERE ALY IO A.ﬁﬁma 3P) a/x (un s1a10werng Aroed ]
h

(FonTuTjaQ swinid) 4551 wawasurdwy ucneaedas /1215009 so1weuh( [BI9UD %¢ J o]

65

rqe L



L 2

2258530

LMSC-HREC D

I TR W

EAEE )

(
- T T I T - T T T T )
_0I%GS1°1 0 ¢ 9L'9 0SL°SE
S o%¢ - HZ :adAgp aurSug -
¢-01%590°2 9¢ 1€ 96°S 295°1€ S
evrsd 10 _ uorsnquiod <
L.otxezi'z | 8| 82 05°S S21°62 18 17289 d
¥
.. jualquie
(-01X1L9°¢ os | Lz 86" ¥ SL£°97 SUOIDTN 0's = e 4
o -O1*VLE’S 9 92 0" ¥ LEb'e? 1:0°9 = 4/0
,-01*LBE"8 8% | €7 66°€ S21°12 01 = a/x
o 0 ¥ 0€'¢ 006°L1 UL 862°S = g
P O1XEC T2 0 0 0 0 Ut 86°76 = X
;v;q\m.ww.l o h:.,mld ﬁvnm Q\xm |A_mv siajoweres Anoe B
(3]
.|.-...ﬂ~.y|ﬁ....ﬂ,r:..x.,.4. ditngg) 1801 wawiaFurdw] uotiua vdag /1915004 sotweudq [Ra9uaD ¢ JJGI
09 amr R T
= #n e | Susmen o~ e P b soromen - —— PR oo s o ro—

-



G e s

A-64

19etud,
— c-o~ X e1°2 9s 2¢ 38 4 8°¢€?Z justeamnby :edAy eurSugy
x . . ‘e . .
g-01X0eW ¥ re e ¢t ersd 772.c - cou.un:a..:ou&
E— 01 X 88°6 t 81 £°¢ S'L1
o SU0 X0 g = YuRtQUE
— , 01X vl 0z | vy L2 S5 W oz = d
— ,-0TXSH Tl ot | 6 91 '8 1:0°9 = 1/0
— L 0T X 11T gx 9 21 €°9 21 =asx
A ‘Ut o, =
% p-01 X991 ¥p z g L'z ut g6z': = d
[Ta]
m €19 - 0 0 0 0 . ‘ur getea = X
) e -
% ) AL um\,ﬂm { Ec:c (85p) a/u ?mv sisjowered £iioey
Z b .
W (uonturyo@ swinyg) 189 ] uaw.durduay :o:cucasm\uogmoom sotweuig [erausn 9¢¢ J39]
= —_ — -

T
i

L 19 e L



30

C 022258

LMSC-HIRE!

I oseyd

—_— L S— — L

<

il

e L

o:oH X L0'1 9¢ 2?2 4 8'€2
. %€ - AZ :9dAy surBuxy
m-oﬁ ¥ 66'7 14 12 0'v 2'12 .
ored c- _ uoT18nquIod
—_— L 0Ux82s| € 81 €€ LI 15927959 = 4
u 2
m,oﬁ X119 07 P1 L'e S'PI SUGIDIN N°L = orat d
—— L. 00X 191 ot 6 9°1 ¢'g 1:0°9 = 3/0
E— pOU X PGt €g 9 21 £°9 21 = a/x
— To_ X g1°7 Fi r4 g L7 U1 862G = A
e T-cﬁ X L8°1 0 0 0 0 1 86'¢9 = X
~uum-~.«\3m: unm\mnm SEESMCER N a/ A.:~$ sasjawereg Liiqoe g
1
b 0
(uoritutjag owinig) 150 E.::umr_n.mmnulm..%ﬂ.l,mm._i..w.\uogmooi so>twieudg [P1ouan oh¢ Q]

A-65



LAISC-HRTEC D225839

& dvncsmson [P ] [ Wyt

I aseyd,,

ono_ X812 LS 6?2 9L°9 gL G¢e
%€ - Az :9dAy surBugy
c|0~ X 12°s S¢ L? 00°9 SL°1¢E .
. _ uomsnquiod
no 0k 4 §2 0s°S 01°62 ersd $°869 = d
01 x2rT| Ls b7 00°S 0¥°92 suozoty gy = TUITAWE L
L-01 X €9°Ll 99 22 0S¥ 08°¢2 1:0°9 = /0O
corxtoe| v 12 00'% 02°12 21 = a/X
c-0Tl xSg's| € 81 0o€’'e 05°L1 ‘ur g62°s =
v-oﬁxmw.a 0 0 0 0 ‘ur gg'gg = X
utwa) | (89 ‘Ut
( 1) [ (233p) a/u ( mv s1ajaweaeg Ajrpioeg

6

(uotjturyeg auwinidg) 1821 juswadurdw] vonjea cavW\umamoom sotwieuA(Q [RI9ULD 9¢ JII

Ly 2T4E L

A-66



MSC-HREC D225859

L

I oseyd .

— 01 ¥ 20°2| 99 & S'¥ 8'¢2

9- 9, ¢ - Hz ‘0dAy eurBusy
_ .01 X629 ¥ 1z 0¥ 2°12 S

= 8

: . . ersd 9iozg = oo A0y
—_— p-0T X 2T € 81 €€ GL1
. jualquue
— p 0L X ¥ 02 vl Lz S ¥l SUOISTN 072 = d
—_— P01 X PO 0T 6 9°1 S8 1:0'9 = 3/0
—_— p-OUX IS € 9 21 €°9 2l=a/x
— p-0T X007 L T 4 N L2 UL 86279 = A
€09 _— 0 0 0 0 ‘ut g¢'g9= X
dud..mﬁ\sumz unm\o:nH (Fanay(3dap; a/y A.cmv saajauwieaeg L1708 g

b 0

(uonturgag owinyd) 1o uaswat 1dw] uonrawdag /191500 sotuIEUAQ [RIDUID o¢ 1G]

e Sy GEN) UHE GEIN MRS SEmm  Gmme Gowe e pee Gema pees pumem e

REIICEN

A-67



MSC-HREC D225839

4l

I

1’62

Ioseyd
_ 9¢ | 81 06¥%°% 6L°€2
G-OUXETL 9¢ 91 100°% 0€°12
g-01 X 68°L $2 G1 8%°¢€ SP°81 juatearnby :2dAj suirlugmy
u
(0T X BE"L 2t ! €1 666°2 68°51 e1sd grgog = o o AOO
0T X $90°1 $2 8 286°1 06°01 SUOIDIN geg = *lordiitg
.01 % 908°6 ocl 9 16%°1 06°L 1:0°9 = 3/0
501 X 960°1 81 4 186° 02°S st =a/X
.01 X LLO°T 9 2 18%° 657 ‘ut 862°s =
—_ 0 0 0 0 ‘UL G°6L = X
unm\o_m (rutw) 1{5ap) a/xu H A.ﬂmv sielowereg A117108 g
0 T

(uotitutyag awunyg) 1591 riowradurde:

1 coﬁm.:‘dwm\uug.moo@ sotwavuA [Raeuan ¢he T

u.“m 9

el

A-68



LMSC-HREC D225839

A-69

I aseyd,
8°62 —_ 9¢| 81 06" 6L°€2
— 01 x4929°L 9¢ 91 100°% 0€°12
s justeatnbyg :9dL g surdusy
— m-oﬁ X ¢0v°8 be 1R 89t SH'81
ersd 97 = coﬁmqb&oum
—_— m|OH Xe1:i°6 21 €1 666°2 68°G1 ’
. . . . juaIquIE
— ¢|o~ X 990°1 144 8 786°1 06°0T1 SUOIDIN 0°9 = d
—  |p-01X€90°1 0€ 9 16%°1 06°L 1:0°9 = JI/0
_— wuoﬁ X 191°1 81 14 186° 0Z°s ST = Q\.K_
| — 0T X001°T 9 2 8% 55z | "ur g62's = Q
| 6° 1% — o | o 0 0 UL oGteL = X
| i i
| | | 1
T-55- T3¢ HE: E) ! . ! auxe 10w _
_,A 555 Nﬁ«\ NQ: unm\o_ﬁH W.N T .F&oi @ﬁ_ a m { c%v _ sasijawezeg Arroeys |
4 | | - ! )
i

5Y N

(LonitutIa@ SN ) IS0 T 1UoW I SUTdW] uotiea ndag /101800¢ sOTWIRUAQ TeaaudD) ¢ X

28]
9]
+H

.99 1qelL

—
SIS GEN IR AN ms Sum Nus MEs NN N M EN G G I W



[.M5C-HREC D225839

I N.Mv—nw*

A-70

-_— 01 x99°2Z| 6 61 8 4 8°€2
9 juatearnby :9dAy surBusgy
E— 01 X 29°9 144 91 0y 2°12 )
S ersd gy pg = UOMENqUIOD
— c0TXEE8 By | 1 G'€ 6°81 . ¢ <
— | cotxize| g2 | 8 0°2 9°07 wordUN 01 = P oAHE 4
A g-01X98°6| 2 9 S°1 6°L 1:0°9 = Jd/0
—_ g-01x08°2| S¥ i 4 0°1 €°G ST1=a/Xx
— m-oﬁ X 1L°9 1 Z g° L2 ‘ur gees = da
-_— m-o~ﬁ~o.0 0 0 0 0 Ut §°6L = X
, - 3J/n0 5. 0 Uraa) [ (39 .
LEEL Nuu\ id) d/5%a {"ut vma P) a/«d ( ﬂmv s19jawereq Ljroe g
b

(uonituryog swunid) i3saJ juswadurduw] :oﬁmpmawm\uwumoom sotweuiqg [eaauan o¢ JI91

L9 219eL



-

LMSC-HREC D225839

—_— mno,—unomm..o 9¢ 81 Sy v8€ee
jusreamby :adAy surSusg
—_— vnomxﬁhm.ﬁ 9¢ 91 o°'% 02°12
. ersd o _ uomsnquiod ~
— g-01XSTL'9 %2 ST S°¢ PG 81 P8¢ 9°L09 = < <
g-01x6LELl b2 8 0°2 09°01 SUOIDIN 0°G = ucoﬁc:mnm
— c-01%962°L| o¢ 9 S°1 G6°L 1:0'9 = /0
a— w.-onONN.H 21 14 0°1 0g’s ST = Q\un
_— mo 0 Z g* 59°2 Ut 862°S = d
- w.-oaxo.wo.ﬁ 0 0 0 0 ‘ut 6L = X
1558 -N“w\:umv onm\nwnm (funay [{dsp) a A.:mv s1319weredg Ayioe g

0
b
A:OSECwQ 2WINlg) 1891 o yaurduag ::CE_i..w\._,imooﬂ soTweuA(q Te1ousn ¢ gadl

89 214 L

-



LMSC-HREC D225839

o e m— ey for— 1~ e o p— v N 1 i T p— p—
s 1o ' [
—_— 01 X 626° o¢ T4 9L'9 0sL°s¢E
51 ' jusreamby 0dAy suyBug
— 01 x 112°2 pe ¥ 00°9 0osL1¢ o
S : ersd £°509 = nomuogﬁoum ~
-_— m-oﬁ X 19%°¢l V2 (44 0S°s L81°62 : <
. juIdtquue
—_ no ¥s 02 00°S 005°92 SUOIOTH 0°¢ = d
- c-01 X 59079 9¢ 81 0S°% 218°¢€? 1:0°9 = 3/0
— g-01 X 9899 9¢ 91 00°¥ L8112 St=aqa/x
—_— g-O1X8¥TH ¥z S1 0S°'€ 0S8 1 Ut 862°s = g
E— ¢-o~x¢mo.~ 0 0 0 0 Ut $°6L = X
- 1}/mg >_,0 rataa) [ {39p) (tut ajaw £
~.~v d/d 2 a/u m, sivjowered Liroey
(uotjturya(@ swinldg) i1sa] juswodurduay uortjua ...:cm\.-wamoom sdotweufq fesrauan %¢ JIGI

69 219l



i

o~

o

@

un

o)

o

(@]

8!

&

e

T

O

[9)]

=

A
— G- 01X108°9 9¢ 81 Sy ¥8°¢2 :

justeamnby :adA1 surBuy
— 5-OTXETT'T 9¢ 91 o'y 02°12
d ¢ _ uonisnquiod
— c01XZ¥6%9 | b2 | s s°€ ¥s°81 Fed 1509 d
— -01%X928°L | ¥z 8 0°z 09°01 SUOISIN 0°0T = 1 oAty
—_— m-oﬁx@oo.@ o¢ 9 <1 S6°L 1:0°9 = 3/0
a— g-0TX1LS%6 21 14 01 0€°s St =ag/X
— no 0 2 N 592 ‘ur 862°S = g
— - 0TXF90°6 0 0 0 0 urS'6L = ¥
AguNuu\w—um: unm.\mnw a.cwEvm {33P) a/x A.:mv sadjawieaeg Ajqioeq

b

{(uoriturya@ sWNIJ) 183 ] wawivdurdwy] uorjea _‘ium\u a1sood sdlweui(q [e1auan %¢ JI9]

A-73

-t oS NS U MG SO SEE B SEe et W e Oum _
I JVLE#& EOU

0L 219®L

&z

s
s

et e, R



LMSC-HREC D225839

A-74

T ! ] w—— O El _ ’ L] u.\.\ll'. nlll.le,_ ﬂ-ll-lli -1'..‘. -
n [ [ ] .\l [} -
— |g-0tx815°1| oOf 62 9L°9 0SL°SE sorearnba  odAyL susdug
— [g-01*g9s72| 2 . 4 00°9 0SL°1€
. uoIsNQUIOD
. . . etsd 0°8g9 = d
— |g-01%609°% %2 22 0S5°S L81°62
. _ Jadlquue
— |¢-01x816%2[ %S 02 00°S 005°92 0’ = d
— |01 xo06¥°9) o9 81 0S¥ Z18°€2 1:0°9 = 3/0
— .01 x86L 9} 9 91 00°% L81°12 St =a/x
— |-0TX116°%| b2 S1 0S°€ $S°81 ‘ur g62°s = d
—_— 5-01 X 500°1] 0 0 0 0 ur§teL = X
dud-NC\:umu unm\.n"nH a.c«cboa ap) a/u A.cmv s13jawesredg Ljtoeg
b

(uonjturyag awnidg) 3se 1 waodurdwy uorjea vaum\ugmoom sorweud(q [easuan %¢ IJ4d1

1L 219®L

EAMSEEEE-" -



:e:mw@m.ﬁm

A-75

o
o
o
uwn
~ I
- |
O
E 1
£l
ban)
O 1 aseyd
wn *
p=
=
Z°91 9¢ 81 06%°% 6L°€2
_ 0T x 6£e’V 9¢ 91 100°% 0€°12
3 %¢ - Az ‘@dLy aurduy
—_ man: ¥ 1€9°¥ ¥e ST 8%°¢ S¥°81
e1sd popes = :oﬁmgc._ou.m
—_ mnon X 0L6°9 ol | €1 666°2 68°G1 )
. judlquue
—_ a.uoﬁ X 202°1 ¥2 8 286°1 0Ss°01 SUOIDIN 8°¢ = d
— ?..oﬁ x ez /1% 9 16%°1 0E°L 1:0°9 = 3/0
- w.oo— X66€°1 81 14 186° 02Z°s st =4a/Xx
— 01X 2LT°1 9 Z 18%° 66°2 ‘Ut 862°s =
! 8'2¢ -— 0 0 0 0 ‘urg'6l =X
|
Maumm-mpu\:gm: unm\wnm (‘uraa) [(5ap) | a/e (*ur) saazdwezeg Aymoey
! b 8 g
| (vonturya swinyd) 1sa7 juswaSurdwy uwonjeardag /1a1s0cg sorweudg [RIDULY ehe JIT7
”’ —

<Ll 219elL

G R N e ae e eEe e pew e ed ay Gd SN I T B0 BN o

P

b meww ,?@

i

N
s
<
L



LMSC-HREC D225839

-

- & e PR e — . [ammrrars ap—r s w‘l'\- .‘l\llt -\'l'l .3 s “.\I|I‘. VII\‘ ey
p—
Ioseyd
_— -01%99q 6 61 % 8°€2
%¢ - AZ :9dAy euySurgy
_— g-o01xzs'q ¥ 91 0’y 2'12 .
. vopIsnquiod
— | gotxeed v | st s'€ 5’81 ered $°269 = d
—_— m-o._ X 12°6 €2 8 0°2 9°01 SUOIDIN 0°[ = uco..-ancnnm
— | .01 98'd vz | 9 s'1 6°L 1:0°9 = 3/0
—_— g-01x08g s¥ ¥ 0'1 €S ST = @/x
—_— g-oTxILg 1 2 g L'z ‘UT 862°S = d
— g-01x19'q 0 0 0 0 UTS6L = x
s 1 ?
(>0 quuwuqﬂ“ a/5d o mﬂuovu a/u ( cmv sidjoweaed Aioeg
(uonturya@ swnid) 383y suswadurduwy uoneaedog /123800 sdIWRUAQ [RAdUAD Y¢ JIG]

« €L 919BL

A-76




LMSC-HREC D225839

T e ‘.é?.

+ 1 oseud

01X 151 ¢ 52 9L'9 SL'GE we - Az iodAy eurdug
c01X62°1) 0 b2 0'9 sL1E dorenquios

corxzrtf we 22 s's 01°62 sed oi199 = d
,0Ux8vz| o5 | oz 0°s 0%°92 suoaotN 0°2 = YoM Ry
g-01 % €€°T| 0 61 S'p 08°€2 1:0°9 = 3/0
ot xeez| €5 91 0'v 0212 St = a/x
g 01 *16°€| 2 S 1 G'¢ 05781 ‘Ur 862°s = @
0% et o 0 0 0 . UL G'6L = X

I.dﬂmu“&.” ajﬁqm ap a/u A._.mv si1ajawereg Liioeg

(uonturyag awinig) 183 Iuawafurduwg :oﬁmudawW\uoamoom sotweui(q [eaauan %¢ 491

LFL OTge L

A-77

*y

—




LMSC-HREC D225839

—

{uonituryag awunig) 1sa ] Iuawafurduuy coﬂmummom\uo:oom sotweuig reasusn 9%¢ JJIGI

e e e e g e T e T T w
. m
i
6 ““
—_ orxzsLe| ¥2 22 S°s 052°62 :
G- %¢ - HZ :0dAy suiBugmy {
-_— -01%502°S | ¥§ 02 0°S 05%'92 o L
. ) ) ersd gougL = UOPISTNAWOD | o~ 5
—_— g-01%660°L| 9¢ 81 S'¥y 0¥8°€2 < i
. L] L] » “ﬂ““‘&“ ‘._F
S g-OTXIBIL | 9¢ 91 0'% 002°12 SUOIDIN 0°S = d
_ g-01XE6L'8 | b2 St S'€ 0ps°81 1:0°9 = I/0 ,.
— §-0T1%¥68T°T| 2T v 0°T SLE®S ST = a/Xx ﬂ
'
— p-01%¥225°T) 0 2 ¢ §9°2 ‘ut 862°S = @ .
—_ 5-01%990°1 | 0 0 0 0 ut §'6L = X
Auuu-N:\Emv u.....m\o_nH (TuTdI) | {9oPp) a/a (*ur) sasjoweaed Aqioeg .
b 0 4

L 21qel

b

L g
T el



LMSC -HREC D225869

— c-01%0LEZ| 0 s¢ 9L°9 0SL°SE we - 7 0dky outug
— o otxLeee| 9¢ 1€ 96°s 295°1€ . wopenquios | &
— c-01%€LT's| 85 | 82 05°s $21°62 0%szL = dl <
—_ c01%sET's| 0f | Lz 86°¥ SLE°92 SUOIDIN 0°g = T Td T g
—_ ;-01%626°L | 9 52 0%°¥ SEVE2 1:0°9 = 3/0
S g-01%8¥8°L 4 €2 66°¢ s21°12 St =a/x
— g-01x€26°s [ 0 12 og'e 00S°L1 'ut 862°S = @
— ¢0IXEZ8"6 | 0 0 0 0 UL 6L = X
Addd-N:\Hmv unm\nﬂm A.:M::o (32P) a/4 A.emv sx3jaweaed AjIqroe g
b

(uoniturzag swinyg) 1say uswaurduag :o:mummom\uounoom sotweudg [easuan 9¢ JIHGI

g9L214® L

e PEe b e et et e e bewd e G SR GEE GO BB e T

‘. Lal
: .xﬁw&ﬁgk{»ﬁcus! O




LMSC-HIREC D225839

—_ 0TxX¥68°1| ¥ (44 S°S 052°62

S- %¢ - Hz :9dLy sujBuzmg

— g-0TX0LT9| ¥§ 02 0°s 05%°92 "onenauIon o

) ) . esd goggL = CPTAMOd4] @

— g-01%265°L| 9¢ 81 5% 0¥8°€2 <

o - uuIIQuue
- g-01X9¥8°L [ 9¢ 91 0'¥ 002°12 SUOIDIN 0°2 = d
—_ g-01%285°8 | 2 ST '€ 0%S 81 1:09 = 3/0
—_ 5-01¥€00°T| 21 ¥ 0°1 SLE®S st =q/x
—_— p-01X122°1| 0 2 g 059°2 ‘ur 862°s = d
o g-01%5%0°6 [ 0 0 0 0 ur §'6L = X
£ uuumdj.;mg unm\n..nm (futui) | (33p) a/¥ (*ur) saajowes: -~ Lo g

b 0 4 .

(uonjturyag swinig) isag u:wﬁowca:& coﬁmummom\uounoom SOTWPHA ["I9UdD) %¢ JITT

——

LL 319l




-y e \ « R S B ] ..“«uﬂmwu%mﬁ_» Eak 13
P .\\& .<M.lv 4... -, ve ..
o
o~y
0
(T3]
~N
o~
A
O
5]
0
0
O
1]
=
i
_ g-0TXL11°€ | o€ 52 SL'9 06L°S€
. %€ - HZ :0dL1 suilu
— g-01%s6°z| vz | we 009 | osiote v
. UorIang U100
 — . 01X8L2'Y | ¥2 22 05°G L81°62 ered g Ll = DORINAWOD 4
. . . JuIIqQuUUE
e -O1XP96%€ | ¥S 02 00°S 00592 SUOIDI 0°€ = d
—— g-01%¥6L8°G | 9F 81 0s°'¢ 218°€2 1:0°9 = 4/0
—_ g-01¥ese’L | 9¢ 91 00°¥ L81°12 S1 = a/x
—_ - 0TXPPES | VT ST 05°€ 0%S'81 ur 862°S = a
—_ g-01%60L°8 | 0O 0 0 0 ur §°6L = X
J.uﬂf.m&\amv unm\o.& (o) [(55p) a/y A.Fmv sasjpwereg Lyqoeg
b 2]
(uonituryeg awnrg) 3saJ, juawaurdurg coﬁmummom\umunoom sorweud(g [easauan %€ JJ91

as ume bume e e e e

-

\~..._

g

ot ews bwd hewl Wit Maw e e ER B R =

8, °1qe L

e, Hese e st badi o

T

A-81

TH—

bl o gl

|
_
|




ool el o N e M o

[.MSC-HIREC D225839

pr

. i

Ioseyd,

— g-01 X 12%6 | S¢€ 52 9L°9 GL°S€E "t - He redAy ouBug
—_ g-0T X011 0 ¥2 00°9 SL'1E . dorenquon
— g-01 X €€°% | ¥E 22 05°S 01°62 ersd g'pep = d
—_ 01X 19°€ | 05 02 00°s 0¥°92 suoorN 1°7 = JUoTAME 4
— g-01X¥5°2 ] 0 61 0S¥ 08°€2 1:0'9 = 3/0
_— G-OTXELD | €5 91 00°% 02°12 ST = a/x
o c-01X09°L| z¢ ST 0s°¢ 05°81 “ut 862°S = g
—_ c-0TXez8| 0 0 0 0 UEG'6L = X
.U:uduNuw\aumv ona\o..nH A.:m:do {(33p) a/u A...mv sisjowered Ajroeyq
b

(uonturya@ awinig) 189 uawadurduwg uonjesedag /as3s00dg sorwiruA( [easusdn o¢ JJIq]

L6L 2198l

e

A-82

T



’ ) ‘ y «uluw T P st TG e e B r%wﬁmbfﬁ ¢
o
o
[+ o}
N
~)
o)
a]
§)
[
[+ 4
-
@)
[75]
=
- I9seyd,
£%2 9¢ | 81 06%°¥ 6L°€2
 — 01 X 880°6 € 1 100°% 0€°12
G- ? 9 %¢ - Hz :@dAy suiBug
—  |,-01 ¥ ¥50°1 ¥2 Gl Z8¥°¢ SH°81
ersd 9°295 = domumdnaoonﬂ
— |01 % 621°1 21 €1 666°2 68°S1
- |§-01% 862°1 ¥ 8 286°1 0s°01 SUOIDIIN 0°S = EoBEmm
—  |p-01 X 2SET og| 9 16%°1 06°L 1:0°'9 = 3/0
—  |-01 X 89%°1 81 ¥ 186° 02°s ST =QaQ/X
— 50T X LPTT 9 Z 8% 6G°2 ‘ur 862°s =Qg
8°101 —_ 0 0 0 0 ‘Ut ¢°6L = Y
o9 w.m&\:umv u&\m& (Futaa} [{899) a/u ("uT) PP S
b 8 !

(uoniturzu@ awinig) 35921 1uswaSurdug coﬁmumamw\umpmoom SOTWeUA(Q [eI2uan ¢¢ I.397

08 2198

G IR Gme buen bend bewi bewe e beed wd GRe D aw O 0D R e

~

A-83




- [eaan e aamentd ey i s e Aamar—r gt gy Phma~ ® rougguenry Py P -

1oeseyd,
—_ 01 x62°2| 6 b1 S 8°€2
9- o¢ - Hz :odAg surBum|
_— g-01 X895 ¥ 91 0% 2°1e dopang M
L wod
dggg9= °
— | c.otxersf ¥ | o1 R S'81 st £7es9 d
. R . jualquee
—_ 5-01 X 2071 €2 8 0°2 9°01 SUOIDTIN 0°T = d
—_— §-01 X911 ¥e 9 S°1 6°L 1:0°9 = 3/0
— g-01 X 1579 S¥ v 0'1 €£°g _ St =Qa/x
—_ g 0T X665 1 2 G* L'z "ur 862°S = @
—_— 0 0 0 0 ut $'6L = X
g unm\wnm ..:ﬁ.ﬁo (B3P} a/¥ A..mv sasjowereg Ljqoeyg

(uonturyag swinig) 1say juswadurduag coCmHmmow\uoumoom sotweukq Texsuan % JJIgl

LMSC-HREC D225839

.18 2198 L




o~
[2p]
[+ 0]
un
(3} ]
[ ]
Q
&)
=
o] I @seyd
s *
]
0
w0
=
|
—_— X . * ‘GE
g-01 X €8°1| S€ 62 9L°9 SL we iz todAy oudug|_
—_ orxeézel o ¥2 0°9 GLT1E . o
G- uolls 10O
. . . ersd 9igpg = o A4 <
-_ g-0T X 8G°T| ¥€ €2 G°'S 01°62
., _ judlquIe
—_ g-01x86°%| 0 02 0°S 0%°92 SUOIdIW 0°2 = d
— g-01 % 60°2| 0 61 S'¥ 08°€? 1:0'9 = /0
—_— c- 0T *16°%| € 91 0¥ 02°12 St =Qa/xX
T g-01xe6zL| ze S1 S'€ 05°81 Ut 862°S = @
L°LE —_— 0 0 0 0 ut $6L = X
3/ ME u...m\mw.nm (Futax) [{35p) a/4 A..mv sasjoweseq Lyoey
[}
b
(uotituryag auinig) 3so] juswadurdwy uorjes mmww\uoumoom sd>tweulq yeaausn o,¢ JJIdI
. 28 219®L
N —bes pees buse et bt e beet e bt GEe O NN B OOR BB B =

-

* -

” mhwm'{" ww .

A m—

o ptns o
R £ X~ T TPN PUPR N

g
l
-

[
(v

- ki ¢ o o 1ot e

o

o
g G R T

[N



LMSC-HREC D225839

LMSC-HREC D225839 §
{
Table 83 ' K
PLUME IMPACT HEATING RATE SURVEYS ‘ v /
P P
/ Table Engine Run c w
) No. X/D Config, No. Symbol (psia) {uHg)
* . i
84 4.0 1 6/0 = 504.0 3.0
*
85 4.0 2v 5/0 P 557.8 5.0 \
*
86 4.0 2H 4/0 o 596.1 3.0 . —
87 10.0 1 11/0 =] 532.6 5.5 :
-t
88 10.0 1 11/1 O 566.5 5.5 \
89 10.0 1 12/0 ju 601.7 5.5
90 10.0 1 13/0 mf 629.7 4.0 \
91 10.0 2v | 25/0 e 718.4 5.0 '
92 10.0 2v | 26/0 O 684.6 5.5 -
93 10.0 2H 47/0 ()] 726.2 5.2
94 10.0 2H 48/0 @) 709.3 3.0 }
*
95 12.0 1 58/0 O 577.2 2.0
96 12.0 2H 60/0" O 620.6 2.0
* -
97 15.0 1 1/5 e 60¢.8 6.8 .
* .
98 15.0 1 1/6 =] 542.6 6.0
99 15.0 1 13/0 O 629.7 4.0 f
*
100 15.0 1 52/0 a 557.3 1.0
*
101 15.0 1 53/0 O 566.2 1.0 -
102 15.0 1 14/0 (N 610.7 2.5 A
*
103 15.0 2V 2/0 P 534.4 5.8 ! o
104 15.0 2v | 23/0 -O 703.4 4.5 ‘
105 15.0 2v | 24/0 O 715.8 4.2
106 15.0 2v | 25/0 - 718.4 5.0 ' (
*
Phase 1
(
t
A-86

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER -
WM—M.W‘_‘; *ﬁw;:xwmmwn' WWW"”WMW' ‘
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LMSC-HREC D225839
' Table 33 {Continued)
' PLUME IMFACT AEATING RATE SURVEYS
! P P
Table Engine Run c w
l No. X/D Config. No. Symbol (psia) (LHg) C
!
107 15.0 2V 26/0 & 684.6 5.5
, Xk
l 108 15.0 2H 3/1 ) 567.¢ 5.0 ’
: 109 15.0 2H 49/0 O 735.7 3.5 ]
l 110 | 15.0 2H 50/0 ®) 719.9 45 |
*
111 15.0 2H 54/0 Q 653.3 1.0
*
l 112 15.0 2H 55/0 ¢ ] 646.6 2.0
e
I ]
}
1 i
[ Phase I é
l A-87

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER



- P - PR em——— o et s —
ﬂ > rismanmntie; Prammp—r. p———— e s ——- £+ cagganasn PN o —— P ———— —————— R

{

1sseyd,
usteanbg 29d4Ay surdu
g°z -— 02 ov g6%°¢ G15°81 JueTeAInbd 3 -3
uoTISNqUIOS '
ersd 0° = :
—  |otxszye]| 0 | 1€ 915°2 S¥9°ET ¥ec 07308 d|<
_ jusque
-_— v..o~ X 6Le'V 0¢ 81 10%°1 164 22 . SUOIDIN 0°¢ = d
— 501X 606°L| S5 | ¥I 900°1 82€°S 1:0°9 = 3/0
_— ¢-01 xgzz'z| 0s [ O1 £66° p1°e ¥ =a/x
o
2 —  |.0TX2667€| 9 | S zog® 09°1 ‘utr g6z°s =4
(o)
Pal — m-oﬁ X g0s°¥| O 0 0 0 ‘ut ggz°12 = X
O
J3S- 1 /0 g n
M { 2 B A¥Le}) unm\mm {-utua} [ (8ap) a’y (*ur) sxajdweaeg Afioey
T j9) 0 / b3
% _ (uonitulyyog awinid) 3521 Wwawdsutdw] ﬁoﬁmumawM\umumooN sotweud(q feaauan) o%¢ JId1
s L
-
% 78 21qel
——— P - .,

ERR e ey



e .. - . Cee o e e sReRF o £NURIUYOERE e cgi&ru .

LMSC-HREC D225839

1 Owdﬂnm*

»E = Az 0dA1 surdugmy

92'% — 0z | oO¥ S6%°€ S15°81 oriena s o
—  l.01xs50zS | 0O 1€ 9L5°7 SH9°EX medgrigs =0 [
—  |otxsez'v| og| s 1091 12%°L SUOIOIN 0°G = 1 T ity
— .01 X.156°L 1 b1 900°1 |, 82€’S (:°0°9 = 3/0
— .01 Xx091°2 0s o1 £0G° b1°e ¥ =aQ/X
— |01 x%06°2 9¢| ¢ 20¢€° 09°1 ur 862°6 = Q
— |01 xsco0¢ 0 0 0 0 ‘ur g£7°1Z = X
Aﬂﬂﬂﬂﬂmv um\o_.m (furw) |(89p) a/e A.ﬂmv szarswearg L111Ioeg

b e
(uotitut;ag >winyg! 4sa ] juswiafurduwy coﬁmumamm\uwumoom sotweukq 1eaauan o%¢ JI9I

S8 21qeL,




I ’seyd,,
%¢ - Hz wdAg suiBuy
8°9 - — 02 ov S6¥%°¢t G16°81
ersd 1° . uotisnquuod
—— Lotxszew| O | If 9Ls°2 S¥9°€ T rec 17964 d
—_— o1x789 | of| 81 10%°1 126°L SUOIOIN 0°€ = 10 tg
—_— _01 X 8€9°6 Ss ¥1 900°1 82¢€°S 1:0°9 = 3/0
— _01 X 200°1 0¢ 01 £66° bie ¥ =a/x
-— _OT X LBLT 9¢ S z20¢°’ 09°t ‘ULt 862°c =Qg
—_— _m-o~ X Lge’e 0 0 0 0 ‘ur 8€2°1Z = X
S=- 1 n ‘ ¢ 0
(35 . /) unw\n..nm { fcﬂo]oa a/a ( ﬁmv sxajoweaedg L1y1oeg
b
(uonturyag awinyg) 1591 1udwafurdwy uolles maum\uoumoom sotweukq [eaausn o,¢ J3971

LMSC-HREC D225839

, 98 219eL

A-90

N W T

Y

iy

e

et T L
. B e T

-

.

.




LMSC-HREC D225839

LRI TSI TR a1

bt et e sy A SRR O PRI

01 — 9 s¢ 0s°'v 26°€? :
juateanby :0dLj sujBuzmy

£°02 _ 0 L£ 00°¥% €2°12

R _ 0 12 0€'E 0s°L1 wed gzgs = o A

9°bs — S 21 SL 1 52°6 SUOIOTN g5 = ' oThTg

0°9¢ Ea— S 0t 6€°1 9¢°L 1:0°9 = 3/0

¥°'29 —_— 1 4° 9 00°1 0t’s 01 = a/x

159 —_ 0€ € 0s* g9°2 ur gee’s = g

2°L8 S 0 0 0 0 Ut 86°2S = X

Ad.ud.!m.u.«\:umv onm\o.nm A.Egm (39p) a/u A.ﬂmv si9jowereyg A31[1oeg
= (uonjturya@ swinig) 189 ], EquWcEEH coﬁmumaow\uo“moom sotweui(g easuan %¢ JJI91

A-91

e Pumm em toum el e Geme e

L821q® L

hei Gomi md Gmg e GEE GER W @R e S

S aauiehicky

- R, R

+
P

DRy i




{
- P womms " s Pormpers s P panggass | e el ” » . e
. ‘ pY '

e r— .-~ ! ; \ i \ v ) ' . ‘ '
§°21 — 9 Y4 0S¥y 26°¢2
juarearnby :adLy surlug
1°12 _— 0 2 00°¥ £2°12
| . etsd ¢ _ uomsnquiod
9°L€ — 0 12 0€°€ 0s°L1 19¢ 57995 d
L°8S — S 21 SL°T 52°6 SUIOIN §°g = 1o
8°09 —_— ] 01 6€°1 9¢€°L 1:0°9 = 3/0
<28 4 — 4] 9 00°1 CE’S 01 = a/x
(=
e 8°0S — o | ¢ 0s* $9°2 ut 862°S = @
N
a 1°%9 —_ 0 0 0 0 ‘Ut 86°25 = X
Q
> Auuuumuu\samg Unm\mnm (Futaay [ {F3p) a/u (*ur) s19jowexredg Aj1jioeg
= b 0 ¥
M (vonjtutrag awinid) 3583 Iuwouirdurduag :o::h:a;m\uﬁmoom sorweuiq (erauan %¢ JJI9I
—

F——

A-92

g8 2lqel




LMSC-HREC D225839

TV ‘ - - o
0'¥ —_— 0 S€ 9.9 osL'se ,
juateatnby :adLp surBug
Sy -_— 9¢ 1§ 96°S 29s°1¢
. uoIIsNGuIod
d, =
06 — 8s | 82 05°s §21'62 Free Ltt9 d
. uaiquue
0°z1 — ot | L2 86'% SLE'9Z SUOIDIN §°G = VT E g
181 _ 9 %4 0% SEP e 1°0°9 = 3/0
no —_— 8% €2 66°€ S21°12 o1=a/x
0°9¢ B 0 12 oe°¢e 006°L1 ‘ut 862°s = g
£°89 -_— 0 0 0 0 UT £6'2S = X
Ad.u.uuNuwNnumv unm\.wnm ("utay | {39p) au A._.mv siajowereq A11Ioeg
2]
b
(uonyturzag swnig) 1sa ] uawuadmduy uorjea maom\uoamoom sorweuf(q jeiauan %€ JI91

68 2iqe.l

A-93

[T N

1 3 oo o bt r., g

RS X

E

o et e . o T A o g o

iy

L

S — g

et 00 P o SN e e



LMSC-HREC D225839

§°92
9°1¢
0°8¢
L°EY
9°62
0°o¥
L°o¥F

£°0b

_— 9¢ 81 0s°v ¥8°¢€2

juateatnby :adLy auyBusg
B 9¢ 91 00°¥% 0Z°12
—_— 44 m.~ 0s°¢ 681 Bred L7629 = :3:3500&
—_— vz 8 00°z 09°01 SUOIOTN 0°F = U OTINE 4
_— o€ 9 0S°1 G6°L 1:0°9 = 3/0
_ 21 b 00°1 L2°s o1 = a/x
—_— 0 4 0s° §9°2 ‘Ut 862°s =
E— 0 0 0 0 ‘ur 86°25 = X

um\mnm A...:.Evm {(35p) a/u A...Mm: si9joweseq Lroey

(uonituryag awinid) 3sa ] uawodurduwg uoneardog /191500g sotweudqg Teasuan ¢ I491

A-94

06 2@19eL




e

i
e

o %)

LMSC-HREC D225839

it |

b

0°91 — 9 | sz 0%'¥ L2°€2 m
%€ - AZ :9dLy surdug b

591 — 8y | €z 00°¥ Liie 0 E
J°0€ — 0| 12 0g’e SH°LT medygry = ORTMERg ] M
0% — oc| €1 $6'1 62°01 suozotN 0'g = WIHIMEL[ .
0°9% — 8% | 6 05°1 56°L 1:0°9 = 3/0 A
0°2L — ¥s| 9 00°1 0€°s 01 = a/x h
0°L9 — og| ¢ 0s° $9°2 “ur 862°S = Q m
0°LL _— 0 o 0 0 ‘ut 86°2S = X m
|

dmm-NC\Emv um\o_m A.c.ﬁc&m (33p) a/u . A.ﬂmv si9jawesed A[oey :

(uonytulyag swinid) 383 ], juswadurdw] uoneaedag/a133s00g sdoTweUAQ [RIUID %¢ JITI

16 P1qel

e mn e huwe beed sl bwnd bt el el beed e e ewed e OO0 OB OB W



LMSC-HREC D225839

A-96

o r— | " 18 «lli. 4 nll._l. } } l

o —_— 0 S€ 9L°9 05L°SE
¢ - a2 @dAy surBug

no — 9¢ 1€ 96°S 295°1€
ersd 9'¥89 o UOTIENqUIOD 4

no —_ 85 82 05°S S21°62 .
o —_— o€ Lz 86°% §LE'9Z suoadtyy §'s= oA ME,
mo — 9 52 0%'¥ SEP €T 1:0°9= 3/0
mo S 8% €2 66'¢ szZ1°12 o1 =a/x
1°0¢ —_— 0 12 0€°€E 00S°L1 ‘ut 862°S =
9°08 -_— 0 0 0] 0 Ut 86°25 = X
Tom-m&\am: unm\mnm (futur) 1{d9p) a/u (*ur) sasjawexreq LIpoeg
b 6 LS

(Wonituyyag awinig) ise L juawaSurdwy] uorjeaedag /191800 soTweudq [B1UdD %¢ JJH]

26 21921

;ﬁe’w—wm'"'

L'l'. ‘I‘ M 'f‘[ﬁl‘ ii A Y -




~

1

LMSC-HREC D22583

. - ' g RS e
\J
w.
;
.8
2°02 E— S 0S°¥y 26°¢€? W
? ¢ o,¢ - HZ :@dAy aurBuy
8°6¢ _ 0 e 00°'¥% €2°12 worenquIo e
V b
ersd 2°92) = : !
%€ — 0 12 og'e 05°L1 279l dl <
. _ judque
6°2S — ] (A GL°1 S2°6 SUOIDIN 2°G = d
2°'8% ——— S 01 6€°1 9¢°L 1:0°9 = /0
£°2L — 27 9 00°1 0€°s o1 =a/x
0°'el _—_ 0¢ € ve’ §9°'C ‘ur 862's = Q
no — 0 0 0 0 ‘ur g6'2¢ = X
- n . .
(338 Num\ d) unm\nwm ( :Ebo (35p) a/u ( cmv sisjowexedg A110eg
b
(uoryturyo swunidg) 3sa ] uwawodurdwy uotiea ..ioW\p 91sood sotwreuig reasuan o ¢ JI9]

€6 21qeL




LMSC-HREC D225839

mo — 0 G¢ 9L°9 05L°S€ %ot - Hz edhy eurfug
mo —_ 9¢ 1£3 96°G 296°1¢€
mo — 8 82 0s°s $21°62 wsd greoL = ORIy
mo —_— o€ L7 86°% $LE°92 suoIoTN 0°¢ = UOTAME 4
mo — 9 52 0%'% T3 X4 1:0°9= 3/0
mo — 8% €2 66°€ gZ1°12 01 = a/x
b8¢ o 0 12 ue'E 00S°L1 ‘Ut 862°s = g
9°L9 —_— 0 0 0 0 Ut 86°2S = X
,Aﬂ-muu\zumv una\nwm A.cﬁ.c&@ (39p) a/u A;.mv saajsweseg AIr1oeg
b

(uonituryag awnidg) 1sa ] uawadurduw] coﬁmamQNW\uUumoom soTwieui(g [easuan %¢ JAGI

¥6 219eL

e

"N

e MRt




.

o AR

ROV~

Ve

o

L)

r

lllwwllrlliililllnlll'l

———N

o

©

wn

o

o~

A

O

f]

24

o

O .

w

p>

- I as®yd x*
— g-01 X €12} 95 (44 S'¥ 8°¢€e jusjeamnby :edLy suiBusgy
_— _o1Txoe'v| ¥ 12 0’y 2°12 do

’ ersd zoupg = oA
— g-0LX 88°6| ¢ 81 €€ gLl
_ SUOIDIN 0°Z = ucozﬁwnm
5-01 % iy oz LA L' S'v1 :
—_ p-0T XSSP T 01 6 9°1 S'8 1:0°9 = 4/0
— p- 0T X 11T €€ 9 r €9 21 = a/X
E— v-oH X99°'1| ¥¥ [4 G’ A ‘Ut gez's = A
€15 — 0 0 0 0 ) "ut 85°€9 = X
(538-3]/0 50 T ) ur

. 23/ id) a/Sa qo 2 a/x ( va sxojowreaed Lirpoed

b
(uotjtuiya@ 2wunig) 3831, juswsdutduwy coﬁmqumW\noumooﬂ sotweudg 1RI9UIN % ¢ JIHI

66 21qeL

A-99



LMSC-HREC D225839

L4

ase
I nnm*

— g-01 %2072 95 22 S'¥ 8°€2 % ¢ - Hz 0dAy, oupdug
—_ g-01 X629 ¥ 12 0% 2°12 ‘e dorrenquos
— , 01 X2r 1| € 81 ge S°LT Frec 97029 = d
— 501X 131 02 ¥l L'z 5'%1 suozdyN 0°7 = WATIHE
— 5-0T x%9°1| o1 6 9°1 '8 1:0°9 = I/0
— 5-0T X T€7T | €€ 9 (AR €9 l=qa/x
— p-01 X 6671 ¥ 2 g L2 ur 862°6 = d
€709 _— 0 0 0 0 ) ‘ut 86°¢9= X
Adudumum\amv unm\o.w (Futaa) [{d3P) a/u (*ur) si3jaweaeg Aijroeg
b 6 d

(uonjtulyag swinid) 183 juswadurdw] uonjeredag/1931800dg sotweud(q [BIUID) % ¢ JIH]

A-100

. 96 2198l




LLMSC-HREC D225839

A-101
Rt

e
162 - 9¢ | 81 06%°'¥ 6L°€?2 T oo%hdy
— | 01X ETL 9¢ | 91 100°% 0£°12
— | -01%58%L ve | st 28¥°¢€ S¥'81 jusrearnby :od4y surdugy
— | otxses| wrf| €1 666°2 68°ST med gogog = o0
jualqure
— .01 X %901 v2 | 8 286°1 0S°0T SUOIDTWI 8°9 = d
— -01 X908 oe| 9 16%°1 06°L 1:0°9 = J/0
— .01 X960°1 81 v 186" 02°s st =a/xX
| — ;.01 % L20°1 9 2 8% §5°2 ‘urgez's =da
H 1Mo - ) 0 0 0 UL GHL = X
Auomamuw\gmv unm\mnm A.Ec.&oﬁ {(39P) a/s A.:mv sasjsweaeg AIrIoe g

5

I
i

{(uoniturya@g owunig) 1521 uswadurduwiy coﬁm.umaow\uwumoom sotweuA [e19Usn Y%e JIG1

— ey SN GER IR BE B um e aw bww beeed et e e

L6 P19'L

o tonid b



LMSC-HREC D225839

I ———

19seud,

8°62 _— 9t | 81 06%°¥ 6L°€2

— 1g-01%529°L 9| 91 100°% 0€°12 woresmbg edhy ewBug
— |g-01 X c0v°8 2| &1 28%°¢ GH°81 . wor38nqUI0
— |-01X €11 21} €1 666°2 68°S1 ered 9°zpg = d
— |,-01x990°1| z| 8 286" 1 05°0T SUOIOTN 0°9 = 1 ATy
— v-oﬁ X €90°1 (113 9 169%°1 06°L 1:0°9 = 3/0
—  |p-0T X 191°1 81 1 186° 02°S St = aQ/x
— |y-01xcot"1 9 ra 18%° 56°2 ‘Ul 8o2°¢ = Q
6° 1% S 0 0 0 0 ‘ur 6°%6L =X

Auvm.Nu.«\Bmv u.nm\n..nH ~.EEV0 §:£39)) a/u A;mv siajaweaed Aroeyg

b

(vontuyag swinig) 359 udwaurdw] uotyeredag/193800d sotweudq [eIduan ¢ JIGI

«86 214BL

A-102




LMSC-HREC D225839

juateatnby :adAy su-Suy

b

5°92 —_— 9¢ 81 PE°€2 'y

L91E — 9¢ | 91 02°12 07 ersd prgzg = "OHSTAWOD 4
0°8€ —_— ¥ S1 ¥5°81 G'E

. _— . . suoldtw o'y o USIqUE
LS $Z 8 09°01 0°2 = d
9°62 _— o€ | 9 S6°L Sl 1:0'9 = I/0
0°0¥ S 21 | ¥ 0€'S 0°1 1 =a/x
L'0% —_— 0 r4 69°2 5° ‘ur gee's =4
£°0¥  — 0 0 n 0 ut 6L = X
aumm'NC\Em: unﬁ\o_nH (futw) [(3ap) a/u A.ﬁmv sasjowered Aj(oeg
6

(uonitutyag awnid) 3saJ uswadurduwy coﬁm.ﬂm&om\uwumoom sotweui(g [easuan 9 ¢ JJIg1I

66 219 L

\ll'llt!l-Irllrllrllr.]tTl{{,rll.Ai,A

A-103




LMSC-HREC D225839

9°¢1
6°€?2
8°'%?
0°1¢e
0'9¢
8°'ce
'v9
6°9%
8°'8¢
Z5¢

|
T 61 22 §°6 01°62 I oseyd,
T 8¢ 02 0°s €%'92
ll A 81 S'¥ 08°€2
juareanbm :9dAy surlug
0 91 0'% 81°12 :
Jolls oD
— 61 St S°€ 16°81 medgugg = O
- be 8 02 95°01 suoxorN 0°1 = YUOIAMT
- vz 9 S'1 €€°L 1°0°9 = 3/0
- €1 4 0'1 00'S S1=a/x
t—— .— N mo OO-N ..nhm woﬂom = Q
S 0 0 0 0 "UT $6L = X
IJIIQLII..«]H%.Q ) ’

a/5a uy ] op a/u ( ,mv sadjdwexeq LjtrIoey

(uonjturya@ swinig) 1991 juawadurduig uotjeaedag /1338009 sd>lWeUA( TRI3UdD %¢ JIF]

001 219eL

A-104




- . B e et TR
[ops
(e}
e o]
u
[aV]
~
Q
O
o3
o~
<
@)
n
=
-
I ?seyd
0°11 —_ ¢ 52 9L°9 SL'GE *
1°L1 — 0 %2 00°9 QL 1E
2°sl _— 61 (44 06°s 01°62
juareanby todAy surBug|
9°'¥2 —_— 8¢S 02 00°'s €E¥°92 . 2
] uonIsNqUIOD .
d =
0°92 — v | 81 0s°'% 08°€2 FISe 27998 df <
€ 1¢ —_— oc | 91 00°¥ 81°12 suoaoty 1= PIOTAME
g€ —_— 61 St 05°€ 15°81 1:0'9 = 3/0
2've —_— v 8 00°2 96°01 ST =d/x
2°0% _ v 9 06°1 £6°L Ul 86¢°S = q
0°LE 0 0 0 0 ‘Ut $°6L = X
. - 9 5" utwa) [{Fap) (‘ury) sasjawegeq 431 toe
~c d/d 4 a/y . d 4 toeg
(uonturyag swnid) 182yl juswadurdwy :oﬁmumaom\uoumoom sotweudq te1auan o¢ JIGI

G GO N e e e ewm e Em e e e S0 N R B e W "=
. ‘_ .

-

!

101 2198l

PR

CETEE

.




LMSC-dREC D225839

66°6 — o€ 62 9L"9 GL°SE

jusrearnby :9dA1 aurBuyg

¥L°6 —_— 44 44 00°9 GLTE 3

. uorIsnquIod -

d = !

£ ~r — ve 22 0S°s 01°62 srec Lo d] <«

uarquue
60°12 — ¥s | oz 00°s $%°92 SuoIdTN §°7 = T TRy
81°5¢ S 9¢ 81 0S°¥ ¥8°€2 1:0°9 = 3/0
1£°0€ —_— 9¢ 91 00°¥ 02°1¢ ¢l = a/x
05°62 e ¥2 Sl 06°¢ $G°8 1 ‘uy 862'7 =@
8S°¥¢ _ 0 0 0 0 ‘Ut §'6L =X
ﬂmuwr.mﬁw\amu um\mm {"utwa} [ {85p) a/u (cur) sasjowesed Ajrfioeg
b 0 ¥

(uoniturysg awinid) 3sa ] juawaurduwy uotjexedag /1938009 sorwieukq [eaduUdD) %¢ JJIH]

201 219® L




B I AR T

A
[+ #]
[Vl
~l 4
)DU W
Q 3
= ) ]
o, .
oo
1 : n
3 I aseyd,
M .
.
2°91 9¢ | 81 06%°% 6L°¢2 :
— L.orxegey | e | 91 100°% 0€°12 o dx
%€ - Az :dAgL sumdumg|
—  -orx1€9'y ¥z | St 8¥°¢ S8l =
ersd p'pes = =oﬁmsnﬁounm )
— .01 %0L6%9 21| €1 666°2 68°ST . <
. . . . udlquue
—_ _01 x202°1 ¥z | 8 286°1 05°01 SUOIDTN 8°G = d
—_ .01 x€22°1 ot | 9 6¥°1 06°L 1:0°'9 = Jd/0
—_ 5-01 ¥66€°1 81 1 4 186° 02°s ST =a/x
— 0T X2 9 2 18%° §5°2 ‘'ur 86z2°s = d
825 _— 0 0 0 0 . UIGHL = X
{08 - . .
(555 21/ ) unm\mnm {(*urur) [{3op) a/a (*ur) sisjoweaeq Aqroeyg
b 6 d
(vonturyag swinig) 1521 juswaTuirdwig cozmumaww\uﬂmoom sotwreudq 1easusn o¢ JI9]

L£0T 21981

Gy e sew e et kbl bt et esd bt pewd bt e bl e B @B W



LMSC-HREC D225839

e S e T Lo R e T o oo S o T e
I
vEET — 44 22 S°g 01°62
%€ - AZ odAg surBugy
52°S1 —_ ¥S 0?2 0°s $¥°92 —
eisd pegoy = OHENqUOD
L2°s1 — 9¢ 81 - ¥8°€Z +e¢ preoL d
29°61 — 9¢ | 91 0% 02°12 SUOIOTN g% = Vot g
€0°¥2 — b2 a1 G°¢ $s°81 1:09 =4/0
80°6¥% —_ 21 ¥ 0°'1 0€°S st =qa/x
€2°¢¥ . 0 2 g §9°2 ‘ur g62°s = d
8L°8% — 0 0 0 0 ur g°6L = X
Adud.m&\ﬂmv unm\nwnm (Fatay [{S3p) a/u A.cms saajdweaed Ljioe g
b )

(uonjturyag asuwinig) 182 uawasdurdwi] coﬁmummwm\uvumoom sotweudq [easuan o%¢ J 3491

P01 °19®el

A-108

- o




LMSC-HREC D225839

-~ ..\..Q ,.T‘ - . ) )
16°2 —_— (113 X4 9L°9 gL’SE
%e - AZ :9dA] sujBugy
6¥%°9 —_ 1 24 44 00°9 SL1E
etsd q° . uopiemquiod
10°81 — ve | @2 05°s 01°62 e este d
. us
05°S T — vs 02 00°S $¥°92 SUOIDTN 2°F = TUOTANE 4
2Lt —_— 9¢ 81 0s°¥% ¥8°¢? 1:0°9 = 3/0
00°02 -_ 9¢ 91 00'% 02°12 S1 =a/x
19°62 — ¥e Si 0s°¢e ¥S°'81 ‘ut 862°s = d
00°8¢ —_— 0 0 0 0 ur G°6L = X
.uunnmauﬂam: unm\mnm (furwt) 1(70p) a/a A.ﬁmv pasjowered A1j[Ioed
b €]
(uotitutrze@ 2win(d) 1saJ, juswadurduwg :oﬁmumaow\uounoom sojwreuig [exauan %¢ JJAG]

S0T 21qel

-
-

A-109




€€l —_ e 22 5°G 01762

%¢ - AZ :0dAg euiBumy
L€l —_ S 0z 0°s $%'92
0's2 — 9¢ 81 R ¥8°€2 med prgrs = o ood
0'vE —_— 9¢ 91 0% 02°12 suoaoTIN 0°g = 1 oMy
2'8¢ —_— 144 ST S'e $5°81 1:0'9 = 3/0
009 — 21 2 0°1 0€°s s1=a/x
5'6S —_ 0 2 6 59°2 ‘ut 862°s = d
0°LL — 0 0 0 0 ur %L = X

A.ud.m..lw.dwamg um\m& «.:ﬁﬂg a/u A.mmc s13joweaeg Aj[Ioeg

b

LMSC-HREC D225839

(uorjturya swnig) 1531 uwauwiodurduwg :oCmu:Qcm\uBmoom sotweui(g [easuan %¢ J491

901 =iq®el

A-110

%)




LMSC-HREC D225839

mo —_ 0 13 9L°9 gL SE
%€ - Az 9dLy aurBusg -
o — 9¢ 1t 96°s 296°1¢ ~
) : uorISNqUIOD N
® Q . = ]
no — 8s | 82 05°s 52162 8¢ 97v89 4] <
] . jualquie
mno _— 119 L? 86°% GLE"9C SUOIDIN S°G = d
mno S 9 1°K4 (1] 2k 4 LEP €T 1:0°9 = /0
o - 8¥ €2 66°¢ S21°12 ST =a/x
1°0¢€ _ 0 12 0e’e 00S°L1 ‘Ut 862°s = Q
0°08 — 0 0 0 0 mSeL = X
- n . .
(539 20/ d] unm\mm { :«Evm (35p) aju ( :% sisjdwered Lqioey
b

(uonturyag swinig) 3say juswodurduwg :o:m:dum\ugmoom soTwieudq [easuan %¢ J491

L0l 319®e L

GED NS SEe MUR RE0 EEN GRS GUE GRS BEY GES GME G8 GEE B me e ——

. ) ' ’ .
-/ . : ! . T4 W e ..L..q. et



po e pemme e e e ey T T — — : —
I eseyd
£wLe 9¢ | 81 06¥%°¥% 6L°E2
 — 0T X 880°6 9¢ 91 100°% 0€°12
G- o¢ - Hz :9dAY sutBugmg
— |01 * ¥50°1 $2 61 Z8%°¢€ SH°81 dorien
ersd 9oL9g = oo n0?
— lorxezit| ozl e 666°2 68°S 1 d
. jualquuee
—  |p-01* 86271 ¥ 8 286°1 05°01 BUOIDTAL 0°S = 1=y
—_— p-01 % 26€°1 0¢ 9 169°1 06°L 1:0°9 =Jg/0
— |01 x89%°1 81 12 186" 02°s S1 =a/X
— 0T X LFPI7T 9 2 18%° 56°2 ‘ut 862°s = Q
8101 —_— 0 0 0 0 ‘UL G°6L = ¥
(vos=33/md) um\mm (ur) [ (sop) a/u ("ur) saojowexeg Aj(oeyg
b 0 d
(uonjtutrya@ awnid) 1521 Iudwadurdu] comumumaoW\uopmoom sotweud(q [easauan y¢ JI9I

LMSC-HREC D225839

801 2198l

A-112

|

i

e, ik, 67 WY

X
)
%



LMSC-HREC D225839

A

4T . . ¢
8°L2 —_ 2 22 S°G 01°62
0°0¢ —_ %S 02 0°s S¥'92 %e - He :2dhy owpdug
uoTISNqUIOD
d - =
0°L€ —_— 9¢ 81 ¢y $8°c2 Bisc Liatl d
X . judIquIe
0°6€ —_— 9¢ 91 0'% 02°12 SUOIDIN G'€ = d
0°8¢ —_— &4 S1 G'¢ $G 81 1:0°9 = I/0
o —_— 21 14 0°1 L2'S st = g/X
L°0S o 0 2 g §9°¢ "ut 862°6=
no —_ 0 0 0 o Ul 6L = X
nuvn-mau\zamg unm\mnH ("utw) [(39p) a/u A.smv si9joweaeg AjIpoeq
b 0 ]

-

(uonituryag swunig) isa21 juawalu

1du] uonieredag /1a3800d sojweudg [eaduan %¢ JJH]

A-113

601 @19l

p~




LMSC-HREC D225839

0¥°€2 — o€ 62 9L°9 GL'SE

%¢ - HZ 2dLg surfuy
82°62 — $2 ¥2 009 gL 1E
00°52 — e 22 0S°s 01°62 6'01L = "ORTAH g
00°6¢ S ¥S 0¢ 00°S S%°92 SUOIDIN GF = To o TAWE o
06°1¢ E— $2 81 0S°¥ ¥8°¢€2 1:0°9 = 4/0
05°8€ — ¥? 91 00°'¥ 02712 st = a/x
06°6¢ —_— 144 61 0S°¢ $6°81 ‘utr 862°S = Q
00°8% - 0 0 0 0 U g6l = X

Ammnmmu\ﬂmv um\mm ?cﬁEvoﬂumE a/ A;mv PP S—

(uorjturlag s2wWINn(J) 159 juswaduiduwy coﬁ.umammmm\uo:oom gotweuf( [easUdD %€ JJI97

GIT »19®L

B e e

A-114

oy u%@w_w




i

-

4

L

=

= -

- . m - # - - e T n.wwuﬂ.mmﬁﬁm@wﬂmvw
- F ot N
4 -
[en]
o
[ o]
un
(o ]
o
A
O
%]
o
T
&)
w
w I omdﬂ—&*
S . g 8°¢
g-01 %522 6 61 S'¥ r4 we - Hz odAL supug |,
S c-01*89°% ¥¥ 91 0¥ 212 wrod goce9 = moﬂ-i&oom 3
—_ ;0T X618 PP ST s°¢ ‘81 . <
.. _ JUudlQUuE
— 5-01 X L0°T| €2 8 0°2 9°01 SUOIDIN 0°T = d
—_ 5-0T x 91| w2 9 S°1 6°L 1:0°9 = /0
—_— ¢-01 X L5°%| S¥ 1.4 0°1 €°S ST =a/x
—_— g-0TX66°5| 1 {2 g* L2 ‘ut 862°S = @
2884 —_ 0 0 0 0 UL G'6L = X
(338-33/md) unm\c......N (Futw} 1 (35p) a/u ‘.:ywv saajawexed Ljrfdeyg
)
v S~
{(uonyturyag swunig) 383y juawadurduay coﬁmuMQQW\uvumoom sdotweuiqg teaauan o%¢ JJIH]

LT11 21921

‘ll'!l]lilli

~ ! EREE S L by i -




LMSC-HREC D225839

(uorjturyag Lwinyd) 389y juswadurduwg coﬂmumawm\\uuuwoom sotweuiq 1eaauad o%¢ JAG]

«2IT 219.L

PR - _— R S L e e e S e i e T ot fun st G
1 Omdﬁnm*
E— O1 ¥ €8°1} &€ °Y4 L’ GL°SE
G- 9L%9 o%¢ -Hz :0dAy surdug|
— g-0TX62’€l 0 ve 0°9 SL1¢€ dorenquios -
ersd 9'9$9 = : y
—_— g-01* 89 1| ¥¢ €2 S°'S 01°62 9°9%9 df <
. jusiquie
—— m-o~ X 86'¥| 0§ 0¢ 0°s 0¥°92 BUOJDTN 0°2 = q ¢
—_— o,S x 60°2] O 61 S'¥ 08°€2 1:0°9 = 3/0
S c- 0T X 16°%) €6 91 0'% 02°1¢ St =a/xj .
— m-oH X 62°L Z¢ Gl g’ 60<°'81 ‘ut 862°s = Qg
LoLe —_— 0 0 0 0 . UL SsteL = X
338 31/md) u&\mnm a.cmcbm (33P) a/x A.:mv sidjowereg Lj1rroeg
b




LMSC-HREC D225839

Yo euny ound ez ouy

Table 113 ot

BOOSTER :MPINGEMENT TEST CONDITIONS ¥ '/
P P
a ] Table Test {Engine| Run X Y a ¢ o
No. | Position|Config.] No. |Symbol| (in.) |(in.) |[(deg.) (psia) (LHg)
I 114 2 1 10/0| [] |-3.297|4.644 | 0 [671.8 2.0
115 2 1 11/0| O 0 |633.1 2.5

I 116 2 1 13/0| P 0 |644.1 2.0 R

117 2 1 59/0| ([ 0 |563.6 5.4 '
I 118 2 1 60/0| [ |-3.297|4.644| 0 |577.5 5.0
119 2 2H |14/1| © 0 |669.4 3.0
I 120 2 2H  |15/0' O 0o |e11.3 2.0
121 2 2H [17/1| <O [-3.297|4.644| 0 |670.0 2.0
§ 122 4 1 |45/0| B is.390|6.966| o |707.2 2.0
£ ! 123 5 1 40/0| P |-6.780(6.966 | 0 [735.7 2.0
: 124 5 1 41/0| O 0 |681.4 1.5
* l 125 5 1 [42/0f [ 0 |705.5 9.0
126 5 1 [87/0] O 0 |580.9 3.8
127 5 1 8s/o| = 0 |592.7 4.8
l 128 2 2H (18/1| O 0 |¢71.8 3.0
129 5 2H |19/0| O 0 {679.7 6.0
l 130 5 2H  |20/0] O |-6.780{6.966| 0 |[612.4 6.0
' 131 8 2H |31/1| ™ [-6.780[6.966| 5 |679.7 2.5
132 8 2H |32/0] O [-6.780|6.966 | 5 |669.2 2.0
' 133 8 2H |33/0] O |-6.780[6.966 | 5 |692.1 2.0

!
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Table 113 (Continued)

Table] Test |Engine|Run X Y a Fe %
No. |Position | Config.] No. |Symbol| (in) (in.) [deg.)]|(psia) (LHg)
134 1] 2H (29/0| @ |-11.424 [14.513] 4 |657.1 4.0
135 11 2H |[30/0] O [-11.424 {14.513] 4 |710.5 4.0
136 14 1 |43/1) [ j11.424 |14.513] 0 | 733.5 1.8
137 14 1 |44/1| O l11.424 has13] 0o [51409 2.0
138 14 2H |21/1] O [|-11.424 [14.513] 0 |709.9 2.0
139 14 2H (22/0f @& |-11.424 (14.513] 0 [632.6 10.0
140 15 1 |27/0] O .186{14.513] 0 | 731.6 3.0
141 15 1 271 W 0 | 606.0 1.8
142 15 1 |28/0| @& 0 |671.5 3.3
143 15 1 |28/ O 0 |546.4 1.4
144 15 1 |96/0] I 0 | 515.0 5.5
145 15 1 |96/1) O .186]14.513] 0 | 626.1 4.0
146 15" 1 |55/0 G .186]14.938] 0 |626.3 5.5
147 15" 1 |s6/1] [F .186]14.938] 0 | 612.5 4.0
148 15 2H |80/1] O- .186|14.938] 0 | 677.0 5.0
149 15" 2H [81/1] @ .18614.938] 0 | 749.4 3.0
150 15 zn |25/0) O .186]14.513] 0 | 708.7 3.0
151 15 2H [26/0] O .186{14.513] 0 | 697.6 3.0
152 17 1 79/0f O -6.780]23.220| 0 | 589.5 3.0
153 17 1 |79/11 M 0 |586.9 3.0
154 17 2H {23/1] O 0 |597.4 3.0
155 17 2H |24/0] Q 0 | 560.0 4.0
156 17 2H |78/0| © 0 | 741.4 4.0
157 17 2H [718/1| @ 0 | 7027 4.0
158 17 2v |63/0] @ 0 |698.6 5.0
159 17 2v les/o| O | -6.780]23.220] 0 | 720.6 5.0

%
See each table for explanation
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' LMSC-HREC D225839
] Table 113 (Concluded)
l ,
Table| Test |Engine| Run f X X a Pe %
I No. |Position|Config{ No. | Symbol| (in.) (in.) (deg.) | (psia) | (uHg)
160 | 29 1 j9s/0| [ l-6.780 |23.220| 5 |596.8 | 5.5
' I 161 29 1 [9s/h] O 5 1607.9 | 5.0
162 29 2H 34/0| O 5 1679.2 | 2.0
I 163 29 2H (351 O 5 |626.6 | 2.0
164 29 2H |94/0]| O 5 |712.4 | 5.0
I 165 29 2H [94/1| O 5 1686.0 | 5.0
166 29 2v [93/0| © 5 |716.0 | 5.5
167 29 2v |93/1| ® |-6.780 [23.220] 5 |710.4 | 4.4
I 168 30 1 [84/0| @ |-1.180 |23.220)| 0O 576.7 | 3.0
169 30 1 [s4/1| O 0 |636.9 | 4.5
l 170 30 1 |37/0] 0T 0o |573.3 | 2.0
171 30 2H |36/0| O o |685.2 | 2.0
I 172 30 2H [97/0| @ 0o |800.4 | 4.0
173 30 2H [97/1| © 0 625.7 | 5.5
. l 174 30 2v [83/0 O 0 |700.4 | 5.5
5 175 30 2v |83/1| @ |-1.180 [23.220| 0 |642.3 | 3.0
176 31 1 |39/¢| O |-8.424 |14.513| o [487.5 | 2.0
l 177 31 1 {86/o] N 0 539.9 | 5.2
178 31 1 (861 O o |[s70.0 | 3.5
l 179 31 2H [38/0; O |-8.424 | 14.513| 0 |682.6 | 2.0
|
|
|
|
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Fig.38 - Model and Equivalent Engine Configuration
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Fig.39 - Model and Dual Horizontal Engine Configuration
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Fig. 40 - Model and Dual Vertical Engine Configuration
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NOTE: a =inclination of orbiter engine
cenlerline with respect to the
booster fuselage centerline

_ . . N Test X
equiv exit diameter of the Pos. (in.)
equivalent engine, 5.286 in, 2 -3.297
4 -18.390
5 -6,780
8 ~6.780
11 -11.424
14 -11.424
15 0.186
17 -6.780
29 -6,780
30 -1.180
31 -8.424

/.— Location of Orbiter Main Eungine

Y
" ‘/— Reference Pount

y
{in.)

4,644
6.966
6.966
6.966
14,513
14,513
14,513
23,22
23,22
23,22
14,513

X Y a
Dequw Dequxv (deg)
-0.621% .878 0
-3.479 1.318 0
-1.283% 1.318 0
-1.283 1.318 5
-2.161 2.746 4
-2.161 2.746 0
0.035 2,746 0
-1.283 4.393 0
-1,283 4.393 5
-0,223 4.393 0
-1.594 2.746 0
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/-— Waing

Swa. TR
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Fig. 41 - Engine/Booster Relative Test Positions
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Horizortal Engine Arrangement

Vertical Engine Arrangement
Exit Plane

Sketch of Engine Arrargement

1'ig. 42 - Sketc’ of Model Geometry and Engine Arrangement
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